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A N  A B S T R A C T  O F  T H E  T H E S I S  O F  La~ry D .  M c c a l l u m  f o r  t h e  
M a s t e r  o f  S c i e n c e  i n  G e o g r a p h y  p r e s e n t e d  S e p t e m b e r  2 7 ,  1 9 7 7 .  
T i t l e :  N e t a r t s  B a y ,  O r e g o n :  A n  A s s e s s m e n t  o f  · H u m a n  I m p a c t  
o n  a n  E s t u a r i n e  S y s t e m  
A P P R O V E D  B Y  M E M B E R S  O F  T H E  T H E S I S  C O M M I T T E E :  
P r o b l e m s  a s s o c i a t e d  w i t h  p l a n n i n g  t h e  f u t u r e  u s e  o f  
e s t u a r i n e  a r e a s  s t e m  f r o m :  
a )  A  l a c k  o f  k n o w l e d g e  o n  t h e  c r i t i c a l  
a s p e c t s  o f  t h e  s y s t e m .  
b )  I n a b i l i t y  t o  p r e d i c t  t h e  f u t u r e  c h a n g e s  
w h i c h  w i l l  o c c u r  w i t h i n  t h e  s y s t e m  i n  
o r d e r  t o  e f f e c t i v e l y  m a n a g e  t h e  r e s o u r c e  
b a s e .  
T h e s e  d i f f i c u l t i e s  l i e  i n  t h e  f a c t  t h a t  c h a n g e s  w i t h i n  t h e  
~ystem o c c u r  b e c a u s e  o f  b o t h  " n a t u r a l "  a n d  " c u l t u r a l "  
c o n d i t i o n s .  T h e  t h e s i s  h y p o t h e s i s  a n d  s u b s e q u e n t  r e s e a r c h  i s  
t o  d e s c r i b e  t h e  p h y s i c a l  c h a n g e s  t h a t  h a v e  o c c u r r e d  w i t h i n  
t h e  N e t a r t s  s y s t e m ,  p r i m a r i l y  d u e  t o  m a n ' s  i m p a c t .  
T y p e s  o f  d a t a  g a t h e r e d  f o r  t h e  a n a l y s i s  i n c l u d e s  t h a t  
o n  h i s t o r i c a l  a n d  c u r r e n t  l a n d  u s e  a c t i v i t i e s ,  c u r r e n t  
r e s e a r c h  f i n d i n g s  o n  s y s t e m  c h a r a c t e r i s t i c s ,  a n d  i n d e p e n d e n t  
r e s e a r c h  o n  s h o r e l i n e  c h a n g e s  a n d  v e g e t a t i o n  c o m p o s i t i o n .  
M u c h  o f  t h e  his~orical d a t a  w e r e  t a k e n  f r o m  e a r l y  m a n u s c r i p t s  
a n d  p u b l i c a t i o n s .  C u r r e n t  r e s e a r c h  d a t a  w e r e  o b t a i n e d  
f r o m  s e v e i a l  e n g i n e e r i n g  s t u d i e s  o f ·  t h e  b a y ,  a s  w e l l  a s  a  
b a s e l i n e  s t u d y  o f  N e t a r t s  f u n d e d  b y  a  g r a n t  f r o m  t h e  N a t i o n a l  
S c i e n c e  F o u n d a t i o n  a n d  O r e g o n  S t a t e  U n i v e r s i t y .  T h i s  s t u d y  
i n c l u d e d  a n  i n v e n t o r y  o f  m a n ' s  u t i l i z a t i o n  o f  t h e  r e s o u r c e  
b a s e .  M e t h o d s  u t i l i z e d  i n  d a t a  a n a l y s i s  i n c l u d e d  a e r i a l  
p h o t o - i n t e r p r e t a t i o n ,  p l a n i m e t r i c  m e a s u r e m e n t  o f  s h o r e l i n e  
a n d  v e g e t a t i v e  a l t e r a t i o n s ,  a n d  o n - s i t e  i n v e n t o r y  o f  
c u r r e n t  s h o r e l i n e  a n d  v e g e t a t i o n  c h a n g e s .  
R e s u l t s  o f  t h e  r e s e a r c h  h a v e  s h o w n  t h a t  i t  i s  p o s s i b l e  
t o  m e a s u r e  a n d  d e s c r i b e  c h a n g e s  w i t h i n  t h e  N e t a r t s  B a y  
s y s t e m .  S p e c i f i c  f i n d i n g s  i n c l u d e :  
a )  A  d e c r e a s e  i n  s a n d s p i t  v o l u m e  o f  n i n e  p e r c e n t  
b e t w e e n  1 9 4 2  a n d  1 9 7 4  d u e  t o  c o n s t r u c t i o n  o f  a  b o a t  
b a s i n  a n d  f i l l .  
b )  O c c u r r e n c e  o f  m a r s h  p r o g r a d a t i o n  i n  a l l  m a r s h  a r e a s  
w i t h  s e d g e  a n d  l o w  s a n d  t y p e  s h o w i n g  t h e  g r e a t e s t  
i n c r e a s e s  b e t w e e n  1 9 3 9 - 6 2 .  
c )  A  d e c r e a s e  i n  r a t e  o f  m a r s h  p r o g r a d a t i o n  f r o m  
1 9 6 2 - 1 9 7 4 .  
d )  A  t o t a l  d e c r e a s e  i n  t i d a l  p r i s m  o f  t h e  b a y  b e t w e e n ·  
1 9 5 7 - 1 9 6 9  a s  m e a s u r e d  b y  c r o s s  s e c t i o n a l  a r e a s .  T h e  
r a t e  o f  d e c r e a s e  i s  o c c u r r i n g  a t  a  f a s t e r  r a t e  s o u t h  
o f  t h e  m o u t h  o f  W h i s k e y  C r e e k .  
e )  D e s t r u c t i o n  o f  C h u m  s a l m o n  f i s h e r i e s  a n d  n a t i v e  
o y s t e r  p o p u l a t i o n s  d u e  t o  o v e r - h a r v e s t i n g  a n d  
s i l t a t i o n .  
f )  D e s t r u c t i o n  o f  G a p e r  c l a m  b e d s  a l o n g  t h e  e a s t e r n  
s h o r e  o f  t h e  b a y  a n d  i n c r e a s e d  e r o s i o n  o f  t h e  
s h o r e ,  d u e  t o  r o a d  f i l l  a n d  r o a d  c o n s t r u c t i o n .  
T h e  r e s u l t s  o f  t h e  r e s e a r c h  a n d  s u b s e q u e n t  f i n d i n g s  s h o w  
t h a t  i t  i s  p o s s i b l e  t o  d e s c r i b e  a n  e s t u a r y  a s  a  " s y s t e m "  
t h a t  h a s  a p p l i c a b i l i t y  f o r  f u t u r e  d e v e l o p m e n t  o f  a  l a n d  a n d  
w a t e r  u s e  m o d e l  f o r  a n  e s t u a r y .  
-....._,~I 
N E T A R T S  B A Y ,  O R E G O N :  A N  A S S E S S M E N T  O F  H U M A N  I M P A C T  
O N  A N  E S T U A R I N E  S Y S T E M  
b y  
L a r r y  D .  M c c a l l u m  
A  t h e s i s  s u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  
M A S T E R  O F  S C I E N C E  
i n  
G E O G R A P H Y  
P o r t l a n d  S t a t e  U n i v e r s i t y  
1 9 7 7  
T O  T H E  O F F I C E  O F  G R A D U A T E  S T U D I E S  A N D  R E S E A R C H :  
T h e  m e m b e r s  o f  t h e  ' c o m m i t t e e  a p p r o v e  t h e  t h e s i s  o f  
L a r r y  D .  M c c a l l u m  p r e s e n t e d  S e p t e m b e r  2 7 ,  1 9 7 7  
h n  c ; f 1 ' D a r t ,  C h a i r m a n  
P r  i c e  
A P P R O V E D :  
R i c h a r d  L y c a n ,  H e a d ,  D e p a r t m e n t  o f  G e o g r a p h y  
S t a  
o f  G r a d u a t e  S t u d i e s  a n d  R e s e a r c h  
A C K N O W L E D G M E N T S  
I  w o u l d  l i k e  t o  t h a n k  s e v e r a l  p e o p l e  w h o ,  d u r i n g  t h e  
c o u r s e  o f  r e s e a r c h  h e l p e d  m a k e  t h e  t a s k  e a s i e r ,  f i r s t ,  D i c k  
S m i i h ,  . f o r m e r  P l a n n i n g  D i r e c t o r  o f  T i l l a m o o k  C o u n t y ,  w h o s e  
i n t e r e s t  a n d  l o v e  o f  t h e  N e t a r t s  a r e a  i n s p i r e d  t h e  a u t h o r  t o  
u n d e r t a k e  t h e  s t u d y .  A p p r e c i a t i o n  i s  a l s o  g i v e n  t o  
J o h n  D a r t  f o r  a s s i s t a n c e  t h r o u g h o u t  t h e  p r o j e c t  p e r i o d .  
P a u l  G a g e ,  C a r t o g r a p h e r ,  p r o v i d e d  d r a f t i n g  a n d  t e c h n i c a l  
a s s i s t a n c e  o n  t h e  f i g u r e s .  S o n i a  M o r r i s o n  t y p e d  t h e  f i n a l  
m a n u s c r i p t  a n d  w a s  h e l p f u l  i n  e d i t i n g .  L a s t ,  b u t  n o t  l e a s t ,  
I  w o u l d  l i k e  t o  t h a n k  m y  w i f e  L y n n ,  w h o  p r o v i d e d  m o r a l  
s u p p o r t  t h r o u g h o u t  t h e  t h e s i s  p r o j e c t ,  e v e n  t h o u g h  t h e  h o u r s  
a w a y  f r o m  h o m e  w e r e  e x t e n s i v e .  
. . . .  M a n  h a s  t o o  l o n g  f o r g o t t e n  t h & t  t h e  e a r t h ·  
w a s  g i v e n  t o  h i m  f o r ·  u s u f r u c t  a l o n e , ·  n o t  f o r  
c o n s u m p t i o n ,  s t i l l  l e s $  f o r  p r o f l i g a t e  w a s t e . ·  
I t  i s  c e r t a i n  t h a t  m a n  h a s  d o n e  m u c h  t o  m o u l d  
t h e  f o r m  o f  t h e  e a r t h ' s  s u r f a c e ,  t h o u g h  w e  
c a n n o t  alw~ys d i s t i n g u i s h  b e t w e e n  t h e  r e s u l t s  
o f  h i s  a c t i o n  a n d ·  t h e  a f f e c t s  o f  p u r e l y  n a t u r a l  
c a u s e s  . . .  
G e o r g e  P e r k i n s  M a r s h  
1 8 0 1 - 1 8 8 2  
T A B L E  O F  C O N T E N T S  
A C K N O W L E D G M I ; ! N T S .  
.  .  .  .  .  
~ .  .  .  .  .  .  .  .  .  .  .  .  
L I S T  O F  T A B L E S  •  
.  .  .  
L I S T  O F  F I G U R E S .  
C H A P T E R  
I  
I I  
I I I  
I V  
v  
V I  
I N T R O D U C T I O N  •  
.  .  .  .  .  .  .  .  .  
S t a t e m e n t  o f  P r o b l e m  a n d  T h e s i s  
P u r p o s e  .  .  · .  .  .  •  .  •  •  •  •  •  
S E T T I N G  A N D  C H A R A C T E R I S T I C S  O F  S T U D Y  A R E A .  .  
D e s c r i p t i o n  •  .  .  
T H E  N E T A R T S  B A Y  S Y S T E M  •  
P h y s i c a l  S y s t e m s  a n d  T h e i r  I n f l u e n c e  
o n  N e t a r t s  B a y  . • . • • • . . . • • .  
B i o t i c  S y s t e m s  o f  N e t a r t s  B a y  .  .  .  
C R I T I C A L  E N V I R O N M E N T A L  F A C T O R S  W I T H I N  
T H E  S Y S T E M  .  .  .  .  •  .  
H U M A N  I M P A C T  O N  T H E  S Y S T E M  •  
M e t h o d s  
I n d i a n  S e t t l e m e n t  a n d  R e s o u r c e  U s e .  
E a r l y  E u r o p e a n  S e t t l e m e n t  a n d  
R e s o u r c e  U s e .  .  .  .  .  .  .  .  .  
P o s t  1 9 5 0  S e t t l e m e n t  a n d  I m p a c t s  o n  
t h e  N e t a r t s  S y s t e m .  •  .  .  •  .  .  .  .  
C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S .  
C o n c l u s i o n s  .  .  
R e c o m m e n d a t i o n s  
P A G E  
i i i  
v i  
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3 2  
3 3  
4 5  
5 0  
5 5  
5 5  · :  
5 7  
6 1  
7 1  
. 8 ' 6  
8 6  








L I S T  O F  T A B L E S  
T A B L E  
I  
T e m p e r a t u r e  a n d  P r e c . i p i  t a t i o n  a t  T i l l a m o o k  
S t a t i o n ,  T i l l a m o o k ,  C o u n t y ,  O r e g o n  .  
I I  P l a n t  S p e c i e s  o f  t h e  U p l a n d  a n d  W a t e r s h e d  
A r e a  . .  
I I I  
S a l t  M a r s h  C o m m u n i t y  T y p e s ,  · N e t a r t s  B a y  . .  
I V  P a r t i a l  L i s t  o f  D i a t o m s  i n  N e t a r t s  B a y ,  
O r e g o n  
V  P r e d o m i n a n t  P l a n t  S p e c i e s  o n  t h e  N e t a r t s  
S p i t  . .  
V I .  M o s t  A b u n d a n t  I c h t h y o f a u n a l  S p e c i e s  w i t h i n  
V I I  
V I I I  
C h a n n e l  ( P e r c e n t  o f  T o t a l ·  N u m b e r  o f  
S p e c i e s  C a u g h t  U n d e r  A l l  E n v i r o n m e n t a l  
C o n d i t i o n s )  . .  
A p p r o x i m a t e  N o r m a l  R u n o f f ,  N e t a r t s  B a y .  
S e a s o n a l  T e m p e r a t u r e ,  S a l i n i t y  a n d  W a t e r  
Q u a l i t y  M e a s u r e m e n t s ,  N e t a r t s  B a y  • •  
I X  S e d i m e n t  Q u a n t i t y  f r o m  Compara~ive E s t u a r i n e  
W a t e r s h e d s  •  .  .  .  .  . •  .  .  .  
X  F l o r a l  S p e c i e s  I d e n t i f i e d  a s  F o o d  S o u r c e s  
o n  N e t a r t s  S a n d s p i t .  
.  .  .  .  .  .  
•  •  •  •  •  •  
X I  I d e n t i f i c a t i o n  o f  F a u n a l  R e m a i n s  f r o m  
E x c a v a t i o n s  o n  t h e  N e t a r t s  S p i t .  
P A G E  
1 2  
1 8  
2 0  
2 2  
. 2 5  
3 1  
4 1  
4 2  
4 4  
5 8  
6 0  
v i i  
T A B L E  P A G E  
x r r ·  N a m e s  o f  E a r l y  S e t t l e r s  a n d  A c r e a g e s  o f  
O r i g i n a l  L a n d  C l a i m s  A l o n g  N e t a r t s  
X I I I  
X I V  
S h o r e l i n e .  •  .  •  
C h r o n o l o g y  o f  L o g g . i n g  i n  N e t a r t s  W a t e r s h e d ;  
T o t a l  A r e a  L o g g e d  a n d  C u r r e n t  
D o m i n a n t  V e g e t a t i o n  T y p e · .  
M a r s h  T y p e  a n d  A c r e a g e ,  N e t a r t s  B a y ,  O r e g o n ,  
1 9 3 9 ,  1 9 6 2 ,  a n d  1 9 7 4  . . • . . • . • . . .  
X V  D i f f e r e n c e s - i n  · W a t e r  V o l u m e  f o r  F o u r  C r o s s  
S e c t i o n a l  A r e a s  i n  N e t a r t s  B a y  a t  H i g h  
S l a c k  T i d e ,  1 9 5 7  a n d  1 9 6 9  . • . . . . .  
6 4  
7 4  
7 6  
7 8  







L I S T  O J ?  F I G U R E S  
V i c i n i t y  M a p  · o f  N e t a r t s  · B a y .  •  •  .  •  
Geol~gy o f  N e t a r t s  B a y  .  •  .  •  .  .  .  
P h y s i c a l  S u b - u n i t s  o f  t h e  N e t a r t s  B a y  
S t u d y  A r e a  . .  
S o i l  A s s o c i a t i o n s ,  N e t a r t s  B a y  • •  
P h y s i c a l  S e d i m e n t  G r a i n  S i z e  a n d  
E n v i r o n m e n t s ,  N e t a r t s  B a y  . . • • •  
D i s t r i b u t i o n  o f  O r g a n i c  C a r b o n ,  N e t a r t s  
B a y  .  •  .  .  .  .  .  .  •  .  •  •  .  .  .  .  
7  · D i s t r i b u t i o n  o f  E e l g r a s s  a n d  S a l t  M a r s h ,  
N e t a r t s  B a y  •  .  .  .  
8  M a i n  V e g e t a t i o n a l  H . a b i t a t  T y p e s ,  N e t a r t s  
9  
1 0  
B a y  ·  •  ·  
C i r c u l a t i o n  i n  a  T y p e  D  E s t u a r y  . .  
S a l i n i t y  R e g i m e  f o r  a  W e l l - m i x e d  E s t u a r y  
1 1  C i r c u l a t i o n  w i t h i n  N e t a r t s  B a y  D u r i n g  E b b  
1 2  
1 3  
a n d  F o o d  T i d e s  . . • .  
S e d i m e n t  F o o d  W e b ,  N e t a r t s  B a y  . . • •  
N e t a r t s  B a y  S y s t e m ,  1 9 7 7  . . . . . • .  
1 4  S e t t l e m e n t s  a n d  O v e r l a n d  R o u t e s  i n  t h e  
N e t a r t s  A r e a  . . . • • • .  
1 5  
1 6  
S t a k e s  D e l i m i t i n g  E a r l y  O y s t e r  P l a t s  
H i s t o r i c a l  U t i l i z a t i o n  o f  T i d a l  A r e a s ,  
1 8 8 0 - 1 9 4 0  
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F I G U R E  
1 7  
R e m n a n t  o f  T i d a l  G a t e  o n ·  M a r s h  · o n  E a s t  
S i d e  o f  W h i . s k e y  C r e e k  R o a d .  •  
.  .  .  
1 8  Chronol~gy o f  L~gging a n d  Existi~g 
V e g e t a t i o n  i n  N e t a r t s  W a t e r s h e d  •  •  •  
1 9  
2 0  
C h a n g e  i n  S a n d s p i t  M o r p h o l o g y ,  1 8 8 2 - 1 9 6 2 ,  
N e t a r t s  B a y  .  
.  .  .  .  .  .  .  .  .  .  .  .  
W h i s k e y  C r e e k  S u b d i v i s i o n  a n d  F i l l ,  
N e t a r t s  B a y  •  .  •  •  •  •  .  .  •  •  
.  .  .  .  
i x  
P A G E  
6 9  
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8 4  
C H A P T E R  I  
I N T R O D U C T I O N  
T h e  t e r m  " e s t u a r y "  h a s  b e e n  d e f i n e d  b y  b i o l o g i s t s ,  
p h y s i c a l  g e o g r a p h e r s ,  a n d  o c e a n o g r a p h e r s  o n  t h e  b a s i s  o f  
b a s i n  s h a p e  a n d  s t r u c t u r e  a s  w e l l  a s  t i d a l  m i x i n g  c h a r a c t e r i s -
t i c s .  B o t h  P r i t c h a r d  ( 1 9 6 7 )  a n d  O d u m  ( 1 9 7 1 ) . h a v e  d e f i n e d  
t h e  e s t u a r y  i n  t e r m s  o f  t h e  m e a s u r a b l e  q u a n t i t y  o f  f r e s h  
w a t e r  d i l u t i o n  o f  s e a  w a t e r .  C l a r k  ( 1 9 7 4 )  -u~es a ·  m o d i f i e d  d e f -
i n i t i o n  o f  P r i t c h a r d  w h i c h  s u i t a b l y  p l a c e s  t h e  l a g o o n s  
w i t h  l i t t l e  f r e s h  wate~ i n f l o w  a s  e s t u a r i n e  i n  c h a r a c t e r .  
A n  e s t u a r y  i s  a  " s e m i - e n c l o s e d  c o a s t a l  b o d y  0 £  w a t e r  w h i c h  
h a s  a  f r e e  c o n n e c t i o n  t o  t h e  s e a  a n d  s t r o n g l y  a f f e c t e d  b y  
t i d a l  a c t i o n  a n d  w i t h i n  i t  s e a  w a t e r  i s  m i x e d  ( a n d  u s u a l l y  
m e a s u r a b l y  d i l u t e d )  w i t h  f r e s h  w a t e r  f r o m  l a n d  d r a i n a g e " .  
E s t u a r i e s  a r e  c o n s i d e r e d  a  v e r y  v a l u a b l e  c o m p o n e n t  o f  t h e  
l i f e  c y c l e  o f  n u m e r o u s  v e r t e b r a t e s  a n d  i n v e r t e b r a t e s ,  
e s p e c i a l l y  t h e  e c o n o m i c a l l y  i m p o r t a n t  f i s h e r i e s  0 £  t h e  
c o a s t s .  T h e  i m p o r t a n t  f u n c t i o n s  o f  t h e  e s t u a r y  a r e  p a r t i a l l y -
k n o w n  a t  b e s t .  T h e  u n i q u e n e s s  o f  a n  e s t u a r i n e  s y s t e m  i s  
c r e a t e d  b y  t h e  v a r i a t i o n s  i n  i t s  p h y s i c a l  a n d  b i o t i c  e l e m e n t s  
s u c h  a s  b a s i n  s h a p e ,  c i r c u l a t i o n ,  c h a r a c t e r i s t i c s  o f  t h e  
· w a t e r s h e d ,  t i d a l  c i r c u l a t i o n ,  w a t e r  q u a l i t y ,  a n d  b o t t o m  
s e d i m e n t  c o m p o s i t i o n .  T h e s e  f a c t o r s ,  a s  w e l l  a s  o t h e r s ,  a r e  
i n s t r u m e n t a l  i n  c r e a t i n g  a  w i d e  d i v e r s i t y  a n d  n u m b e r  o f  
i n t e r - d e p e n d e n t  h a b i t a t s .  N e t a r t s  B a y  i s  o n e  o f  t h e  s e v e n -
t e e n  e s t u a r i e s  w i t h i n  t h e  s t a t e ,  rangi~g i n  s i z e  f r o m  4 1 . 3  
h e c t a r e s  f o r  t h e  C h e t c o  t o  3 7 , 9 5 4  h e c t a r e s  o f  C o l u m b i a  R i v e r  
E s t u a r y .  E x c l u d i n g  A l a s k a ,  t h e  P a c i f i c  C o a s t  s t a t e s  o f  
C a l i f o r n i a ,  O r e g o n , _  a n d  W a s h i n g t o n  h a v e  a p p r o x i m a t e l y  2 . 8 3  
m i l l i o n  h e c t a r e s  o f  e s t u a r i n e  l a n d  c o m p a r e d  t o  t h e  n a t i o n a l  
t o t a l  o f  a p p r o x i m a t e l y  1 0 . 7  m i l l i o n  h e c t a r e s .  O f  t h e  2 . 8 3  
m i l l i o n  h e c t a r e s  a b o u t  5 6 , 0 0 0  o r  t w o  p e r c e n t  a r e  l o c a t e d  i n  
O r e g o n .  N e t a r t s  B a y  w i t h  9 4 1  h e c t a r e s  r a n k s  s i x t h  i n  
2 .  
r e l a t i v e  s i z e  t o  o t h e r  O r e g o n  e s t u a r i e s .  I t  h a s  a  r e l a t i v e l y  
h i g h  w a t e r  q u a l i t y  a n d  a  r i c h  d i v e r s i t y  o f  h a b i t a t .  A c c o r d -
'  
i n g  t o  t h e  O r e g o n  F i s h  C o m m i s s i o n ,  t h i s  r i c h n e s s  i s  e x e m -
p l i f  i e d  b y  t h e  f a c t  t h a t  a l m o s t  e v e r y  l i f e  f o r m  p r e s e n t  i n  
o t h e r  O r e g o n  e s t u a r i e s  a r e  f o u n d  i n  N e t a r t s  B a y .  
T h e  u p l a n d s ,  a s  w i t h  a l l  o t h e r  e s t u a r i e s  i n  O r e g o n ,  
h a v e  b e e n  e x t e n s i v e l y  l o g g e d  a n d  r e s i d e n t i a l  a n d  c o m m e r c i a l  
d e v e l o p m e n t  h a s  o c c u r r e d  o n  t h e  m a r i n e  t e r r a c e s .  B u t  t h e  
d e n s i t i e s  h a v e  n o t ,  a t  t h i s  t i m e ,  a l t e r e d  t h e  p r i s t i n e  
c h a r a c t e r  o f . t h e  N e t a r t s  l a n d s c a p e  a n d  t h e  e s t u a r y  h a s  
g r e a t  v a l u e  f o r  s c i e n t i f i c  s t u d y .  
D u r i n g  t h e  s u m m e r  o f  1 9 7 5 ,  r e s e a r c h  w a s  c o n d u c t e d  
o n  N e t a r t s  B a y  b y  O r e g o n  S t a t e  Universi~y a n d  P o r t l a n d  
S t a t e  U n i v e r s i t y .  A  s t u d y  p r o p o s a l  w a s  d r a f t e d  f o r  a  g r a n t  
f r o m  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  a n d  w a s  f u n d e d  t h r o u g h  
· G r a n t  N u m b e r  E P P 7 5 - 0 8 9 0 1 .  T h e  r e s e a r c h  p r o p o s a l  w a s  
t o  c o n d u c t  a n  i n t e g r a t e d ,  i n t e r d i s c i p l i n a r y  s t u d y  o f  t h e  b a y  
a n d  i t s  e n v i r o n s .  T h e  p u r p o s e  o f  t h e  s t u d y  a n t i c i p a t e d  
g o i n g  b e y o n d  t h e  t r a d i t i o n a l  s i n g l e - p u r p o s e  e n g i n e e r i n g  
a n d  b i o l o g i c a l  s t u d i e s  o n  e s t u a r i e s  a n d  u l t i m a t e l y  t o  
d e v e l o p  a n  i n t e g r a t e d  f r a m e w o r k  t o  p l a n  f o r  t h e  f u t u r e  u s e  
o f  a n  e s t u a r y .  T h e  o r i g i n a l  g o a l s  o f  t h e  r e s e a r c h  w e r e  o n l y  
p a r t i a l l y  a t t a i n e d  b e c a u s e ·  · o f  t h e ·  followi~g r e a s o n s :  
C l )  t h e  s c o p e  o f  t h e  p r o j e c t  w a s  t o o  a m b i t i o u s ;  
a . n  e n t i r e  s u m m e r  w a s  d e v o t e d  t o  b a s e l i n e  i n v e n t o -
r i e s .  
( 2 )  t h e  c i t i z e n  i n v o l v e m e n t  p r o c e s s .  e s s e n t i a l  i n  
e s t a b l i s h i n g  t h e  f r a m e w o r k  r e q u i r e d  m o n t h s  o f  
p r e p a r a t i o n  a n d  t h e  p o l i t i c s  a r e  " h e a v y "  w h e n  
f u t u r e  l a n d  u s e s  f q r  a n  estuar~ a r e  s u g g e s t e d .  
3  
A  v a l u a b l e  r e s u l t  o f  t h e  r e s e a r c h  w a s  t h e  e s t a b l i s h m e n t  
o f  a  c o m p r e h e n s i v e  i n v e n t o r y  o f  e x i s t i n g  f l o r a ,  f a u n a ,  a n d  
h u m a n  a c t i v i t y  w i t h i n  t h e  s y s t e m .  ~his p h y s i c a l  a h d  c u l t u r a l  
i n v e n t o r y  i s  a  p r e r e q u i s i t e  f o r  e s t a b l i s h i n g  l a n d  a n d  
w a t e r - u s e  p o l i c i e s  f o r  t h e  e s t u a r y .  
T h e  p r o b l e m  w i t h  p l a n n i n g  t h e  f u t u r e  u s e  o f  e s t u a r i e s  
s t e m s  f r o m  a  l a c k  o f ·  k n o w l e d g e  · a b o u t  t h e  e x i s t i n g  c r i t i c a l  
e l e m e n t s  o f  t h e  s y s t e m  a n d  t h e  h i s t o r i c a l ·  c h a n g e s  w h i c h . a r e  
o c c u r r i n g .  T h i s  i s  f u r t h e r  c o m p l i c a t e d  b y  t h e  f a c t  th~t t h e  
c h a r a c t e r  o f  a n  e s t u a r y  i s  a  d y n a m i c  o n e  w i t h  c h a n g e s  
o c c u r r i n g  w i t h i n  t h e  s y s t e m  b y  b o t h  n a t u r a l  a n d  c u l t u r a l  
c a u s e s .  I t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  b e t w e e n  c h a n g e s  t h a t  
a r e  "m~m-caused" a n d  t h o s e  w h i c h  o c c u r  " n a t u r a l l y " .  T h i s  
t h e s i s  u t i l i z e s  a n  h i s t o r i c a l  a p p r o a c h ,  c o u p l e d  w i t h  a n  
a n a l y s i s  o f  t h e  c u r r e n t  l e v e l  o f  · s c i e n t i f i c  d a t a  o n  
4  
N e t a r t s  B a y  t o  d e s c r i b e  t h e  s y s t e m ,  d e t e r m i n e ,  w h e r e  p o s s i b l e ,  
t h e  c r i t i c a l  e n v i r o n m e n t a l . f a c t o r s  i n h e r e n t  i h · t h e  s y s t e m ,  
a n d ,  f i n a l l y  t o  a s s e s s  t h ' e  i m p a c t  o f  m a n ' s  a c t i v i t i e s · .  T h e  
r e s u l t s  o f  t h i s  r e s e a r c h  · s h a l l  b e  u s e f u l  i n  d e v e l o p i r t g  a  
l a n d  a n d  w a t e r  u s e  m o d e l  o f  a n  e s t u a r y  f o r ·  p r e d i c t i n g  f u t u r e  
u s e  w i t h i n  a n  e s t u a r i n e  s y s t e m .  
C H A P T E R  I I  
SETT~NG A N D  C H A R A C T E R I S T I C S  O F  S T U D Y  A R E A  
N e t a r t s  B a y ,  O r e g o n  i s  l o c a t e d  i n  T i l l a m o o k  C o u n t y  
a p p r o x i m a t e l y  s e v e n  m i l e s  w e s t  o f  t h e  C i t y  o f  T i l l a m o o k .  
I t  i s  o n e  o f  s e v e r a l  e s t u a r i e s  i n  t h e  C o u n t y ;  o t h e r s  
i n c l u d i n g  N e s t u c c a  B a y  t o  t h e  s o u t h  a n d  T i l l a m o o k  a n d  
N e h a l e m  B a y  t o  t h e  n o r t h  ( F i g .  1 ) .  T h e  b a y s  w e r e  f o r m e d  b y  
d i f f e r e n t i a l  s u b - a e r i a l  e r o s i o n  a n d  s u b s e q u e n t  d r o w n i n g  b y  
t h e  r i s i n g  s e a  l e v e l  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  P l e i s t o c e n e  
E p o c h  ( B a l d w i n  1 9 6 4 ) .  
N e t a r t s  B a y ,  w i t h  i t s  uniq~e c o n f i g u r a t i o n  i s  e s s e n t i a l l y  
t h e  r e s u l t  o f  e r o s i o n  o f  t h e  s o f t ,  s e d i m e n t a r y  A s t o r i a  
F o r m a t i o n  b e t w e e n  t w o  b a s a l t i c  h e a d l a n d s ,  C a p e  M e a r e s  t o  t h e  
n o r t h  a n d  C a p e  L o o k o u t  t o  t h e  s o u t h .  T h e  e r o s i o n  c r e a t e d  
a  s m a l l  s y n c l i n a l  v a l l e y  i n  t h e  c o a s t l i n e  d u r i n g  t h e  
T e r t i a r y  P e r i o d  a p p r o x i m a t e l y  t w e n t y - f i v e  m i l l i o n  y e a r s  
a g o .  B a l d w i n  ( 1 9 6 4 )  a n d  o t h e r s  h a v e  d e s c r i b e d  t h e  s e d i m e n t a r y  
s t r a t a ,  t h e  A s t o r i a  F o r m a t i o n ,  a l o n g  t h e  b a y s h o r e  e a s t  a n d  
n o r t h  o f  t h e  b a y .  M a n g u m  ( 1 9 6 7 ) .  d e s c r i b e s  . t h e  g e o l o g y  o f  
C a p e  L o o k o u t  a s  s o m e w h a t  d i f f e r e n t  t h a n  t h e  r e s t  o f  t h e  
w a t e r s h e d .  Columbi~ R i v e r  b a s a l t  o f  M i o c e n e  A g e  o c c u r s  i n  
s u b - a e r i a l  a n d  s u b - a q u e o u s  f l o w s  v i s i b l e  a s  c o l u m n a r  a n d  
p i l l o w  f o r m a t i o n s  o n  t h e ·  s i d e s  a n d  a t  t h e  b a s e  o f  t h e  C a p e .  
,  
,  
C a p e  
M e a r e s  
: ;  
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I  V . i  0  
3 0 0 0  0  
P o r t l a n d  
O R E G O N  
2  
6 0 0 0  
1 2 , 0 0 0  
3  4 m i l e s  
1 8 , 0 0 0  f e e t  
F i g u r e  ~- . V i c i n i t y  m a p  o f  N e t a r t s  B a y .  
6 ,  
7  
A b o u t  o n e - m i l l i o n  y e a r s  a g o  t o  R e c e n t  t i m e s  ( P l e i s t o c e n e  
t o  R e c e n t  E p o c h s )  fluctu~tions i n  s e a  lev~l . o c c u r r e d  a n d  a n  
e x t e n s i v e  m a r i n e  t e r r a c e  a n d  d u n e  s y s t e m  d e v e l o p e d  i n  t h e  
N e t a r t s  a r e a .  C o o p e r  ( 1 9 5 8 )  b e l i e v e s  t h e  b a y  w a s  o r i g i n a l l y  
a  f r e s h  w a t e r  l a k e  w i t h  n o  p e r m a n e n t  o u t l e t .  A f t e r  t h e  
a r e a  w a s  u p l i f t e d  ( a f t e r .  t h e  la~t p e r i o d  o f  g l a c i a t i o n ) ,  
t h e  d u n e s  w e r e  e r o d e d  a w a y ; · t h e  e x i s t i n g  s p i t  b e i n g  t h e  
r e r n n a n t · o f  t h e  t w o  e l o n g a t e d  d u n e s  t h a t  f o r m e r l y  t r e n d e d  
n o r t h - n o r t h e a s t e r l y .  S c h l i c k e r  ( 1 9 7 2 )  d e s c r i b e s  t h e  f o r m -
a t i o n  a n d  t o p o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  w a t e r s h e d  a s  
c o n s i s t i n g  o f  t w o  t h i c k  sect~ons o f  a r k o s i c  s a n d s t o n e  
s e p a r a t e d  b y - . s e v e r a . 1 - h u n d r e d - - m e t e r s .  o f  t h i n  b e d d e d  s i l t s - t o n e .  
M a s s i v e  l a n d s l i d e  t o p o g r a p h y  a t t e s t  t o  e a r l i e r  m a s s  m o v e m e n t  
i n  t h e  a r e a  n o r t h ·  a n d  e a s t  o f  C a p e  L o o k o u t .  T h e  m a r i n e  
t e r r a c e ,  r i s i n g  i n  e l e v a t i o n  f r o m  3  t o  2 4  m e t e r s  c u r r e n t l y  
s h o w s  s i g n s  o f  i n s t a b i l i t y  w i t h  s m a l l  s c a l e  s l i d e s  a n d  s o i l  
m o v e m e n t .  T h e  s a n d s p i t  c o n s i s . t s  o f  b o t h  c o n s o l i d a t e d  a n d  
u n c o n s o l i d a t e d  d u n e s  o f  R e c e n t  o r i g i n  ( F i g .  2 ) .  
T h e  p r e s e n t  s t u d y  a r e a  c o n s i s t s  o f  t h e  w a t e r s h e d ,  t h e  
b a y ,  a n d  s a n d s p i t .  T h e  a r e a l  e x t e n t  i n c l u d e s  t h e  h e a d w a t e r s  
o f  t w e l v e  s m a l l  c r e e k s  a n d  t h e i r  w a t e r s h e d ,  t h e  9 4 1  h e c t a r e s  
o f  t i d e l a n d s  a n d  c h a n n e l s ,  t h e  h e a d l a n d  C a p e  L o o k o u t ,  r i s i n g  
9 1  m e t e r s  a b o v e  t h e  b a y ,  a n d  t h e  s a n d s p i t  8 . 0 5  k i l o m e t e r s  
i n  l e n g t h · .  T h e  w a t e r s h e d  i s  sm~ll, 2 5 .  7  s q u a r e  k i l o m e t e r s  







~ R e c e n t  S a n d s  
~ T e r r a c e  D e p o s i t s  
I B J  C o l u m b i a  R i v e r  B a s a l t  
g j  A s t o r i 4  F m .  
F i g u r e  2 .  G e o l o g y  o f  N e t a r t s  B a y  
. ( a f t e r  W e l l s  a n d  P e c k ,  1 9 6 1 ) .  
8 -
t r e n d i n g  n o r t h e a s t  t o  s o u t h w e s t e r l y .  I t s  p h y s i o g r a p h y  c a n  
b e  s h o w n  a s  d i s t i n c t  s u b - u n i t s  ( F i g .  3 ) . ,  
D E S C R I P T I O N  
S o i l s  a n d  S e d i m e n t  C h a r a c t e r i s t i c s  
S o i l s  o f  t h e  s t u d y  a r e a  a r e  v a r i a b l e ,  d e p e n d i n g  o n  
t h e  e l e v a t i o n  p l a n t  c o v e r ,  a n d  d e g r e e  o f  h u m a n  d i s t u r b a n c e .  
S o i l s  . o f  t h e  H e m b r e  A s s o c i a t i o n  h a v e  b e e n  f o r m e d  f r o m  
9 .  
d e n s e  b a s a l t  a n d  h a v e  t h i n  h o r i z o n s  w e a t h e r e d  t o  a  y e l l o w ,  
s i l t y  c l a y  i n  a  b r e c c i a  m a t r i x  ( F i g .  4 ) .  T h e  d i f f e r e n t i a l  
s o i l  m o v e m e n t  a n d  m a s s  w a s t i n g  i n  t h e  u p l a n d s  c a n  b e  a t t r i b u -
t e d  t o  t h e  l a r g e  a m o u n t s  o f  p r e c i p i t a t i o n  w h i c h  h a s  a l s o  
c a u s e d  i n c r e a s e d  r a t e s  o f  s e d i m e n t a t i o n  i n  t h e  f l o o d p l a i n s  
a n d  e s t u a r i e s .  A p p r o x i m a t e l y  s e v e n t y  p e r c e n t  o f  a l l  
p r e c i p i t a t i o n  f a l l s  b e t w e e n  N o v e m b e r  a n d  A p r i l .  T e m p e r a t u r e s  
a r e  m i l d ,  a v e r a g i n g  8.~ d e g r e e s  c e n t i g r a d e  a t  t h e  T i l l a m o o k  
S t a t i o n  ( T a b l e  1 ) .  
,  S e d i m e n t s  w i t h i n  t h e  b a y  p r o p e r  h a v e  b e e n  d e s c r i b e d  
b y  H u n g e r  ( 1 9 6 6 ) ,  G l a n z m a n ,  e t  a l  ( 1 9 7 1 ) ,  a n d  S h a b i c a  
( 1 9 7 6 ) .  S e d i m e n t  s t r u c t u r e  c o n s i s t s  o f  f o u r  s e d i m e n t a r y  
f a c i e s  c h a r a c t e r i s t i c  o f  t h e  b a y  w i t h  v e r y  w e l l - s o r t e d  
s a n d s  o c c u r r i n g  i n  t h e  m a i n  c h a n n e l  c a u s e d  b y  a  v a r i a b l e  
e n e r g y  e n v i r o n m e n t  a n d  i n d i c a t i v e  o f  r a t h e r  c o n s t a n t  c u r r e n t  
v e l o c i t i e s .  T h e  f a c i e s  a r e  c o m p o s e d  o f  v e r y  f i n e  s a n d s  a n d  
s i l t s  a t  t h e  h e a d  o f  t h e  b a y  a n d  a l o n g  t h e  e a s t e r n  m a r g i n ,  
f i n e  s a n d s  o n  t h e  c e n t r a l  t i d e  f l a t s  i n  t h e  c h a n n e l  a n d  
,  
/  
L E G E N D - - - -
~ S u b m e r g e d  L a n d  
l j  S h o r e l i n e  a  T i d a l  F l o t  
~ T e r r a c e  a  U p l a n d  
~ W a t e r s h e d  
Figur~~- P h y s i c a l  s u b - u n i t s  o f  t h e  N e t a r t s  B a y  s t u d y  a r e a .  
1 0 .  
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F i g u r e  4 .  S o i l  a s s o c i a t i o n s ,  N e t a r t s  B a y  ( d a t a  f r o m  
t h e  S o i l  C o n s e r v a t i o n  S e r v i c e ,  1 9 5 7 ) .  













































































































































































































































































































































































































a l o n g  t h e  s o u t h w e s t e r n  m a r g i n ,  a n d  m e d i u m  s a n d s  a t  t h e  
m o u t h .  B a s a l t i c  s a n d s ,  c l a y s ,  a n d  s i l t s  w e r e  f o u n d  t o  
o r i g i n a t e  f r o m  t h e  w a t e r s h e d  a n d  s i l i c a  s a n d s  f r o m  o f f s h o r e ·  
p r o c e s s e s  a n d  w i n d _  a n d  t i d e  e r o s i o n  o f  t h e  s p i t  ( F i g .  5 ) .  
C a r b o n  m e a s u r e m e n t s  i n  t h e  s u m m e r  o f  1 9 7 5  s h o w e d  a n  i n v e r s e  
r e l a t i o n s h i p  o f  s e d i m e n t  s i z e  t o  t o t a l  c a r b o n  c o n t e n t  w i t h  
l o w e s t  m e a n  w e i g h t  p e r c e n t a g e  v a l u e s  o c c u r r i n g  i n  t h e  
s o u t h e r n  c h a n n e l .  T h e  o r g a n i c  c a r b o n  c o n t e n t  r e f l e c t s  t h e  
p r o x i m i t y  o f  s o u r c e  a r e a s  a s  w e l l  a s  t h e  e n e r g y  o f  t h e  
e n v i r o n m e n t .  H i g h  o r g a n i c  c a r b o n  m e a s u r e m e n t s  a l o n g  t h e  
e a s t e r n  s h o r e  a n d  a t  t h e  h e a d  o f  t h e  b a y  i s  t h o u g h t  t o  b e  
c a u s e d  b y  r e s t r i c t i o n  o f  c u r r e n t  f l o w  a n d  v e l o c i t y  c a u s i n g  
t h e  h e a d  o f  t h e  b a y  t o  a c t  a s  a  " s i n k "  f o r  p a r t i c u l a t e  
o r g a n i c  m a t t e r .  E e l g r a s s  a l s o  a c t s  a s  a  s e d i m e n t  t r a p  ( F i g .  
6 )  •  
1 3  
A l l  r e s e a r c h  o n  s e d i m e n t s  w i t h i n  t h e  b a y  w a s  c o n d u c t e d  
d u r i n g  t h e  s u m m e r  m o n t h s .  B o t h  G l a n z m a n  a n d  S h a b i c a  a g r e e  
t h a t  o n e  w o u l d  e x p e c t  c o a r s e r  s e d i m e n t s  d u r i n g  t h e  w i n t e r  
s e a s o n  b e c a u s e  o f  i n c r e a s e d  f r e s h  w a t e r  i n f  l o w  a n d  s u b s e q u e n t  
f l u s h i n g  a c t i o n .  T h i s  a l s o  c a u s e s  s e a s o n a l  c h a n g e  i n  t h e  
o r g a n i c  c a r b o n  e n v i r o n m e n t  o f  t h e  b a y .  
~egetation. 
T h e  f l o r a  o f  t h e  s t u d y  a r e a  c o n t a i n s  d i s t i n c t  p l a n t  
c o m m u n i t i e s  i n f l u e n c e d  b y  v a r i a t i o n s  i n  s a l i n i t y ,  s l o p e ,  
a n d  s o i l s .  T h e  s t u d y  a r e a  h a s  d u n e  a n d  m a r s h  c o m m u n i t i e s  
u n i q u e  i n  t h e m s e l v e s  ( s e e  A p p e n d i x  A  f o r  P l a n t  S p e c i e s  L i s t ) .  
S C A L [  1 1 1  ' C [ T  
0  / 0 0 0  c : 1 1 0 0  J O O O  - N I C O  . . r t ? O O  
N  
L E G E N D - - -
~ C h a n n e l  
0  S a n d  F l a t s  
I i  M u d  F l a t s  
B  I s o p l e t h  o f  P h i  U n i t  
l ± : J  S a m p l e  S t a t i o n  
Fi~re_~· P h y s i c a l  s e d i m e n t  g r a i n  s i z e  a n d  e n v i r o n m e n t s ,  
N e t a r t s  B a y .  ( A f t e r  S h a b i c a , 1 9 7 6 ) .  
1 4  
! C A L [  I N  ' £ [ T  
t ! l l O O  . . T O O O  ~ . . r o o o  
N  
- - - - L E G E N D - - -
a  
I s o p l e t h s  o f  P e r c e n t  
O r g a n i c  C a r b o n  
M a i n  C h a n n e l  
[ ± ]  S a m p l e  S t a t i o n  
F i g u r e  6 .  D i s t r i b u t i o n  o f  o r g a n i c  carbon~ N e t a r t s  B a y .  
( A f t e r  S h a b i c a ,  1 9 7 6 ) .  
1 5  
T h e  t e r r a c e  a n d  u p l a n d  a r e a  p l a n t  c o m m u n i t i e s  h a v e  
b e e n  m o d i f i e d  b y  m a n  a n d  c o n t a i n  t h e  g r e a t e s t  a m o u n t  o f  
i n t r o d u c e d  p l a n t  s p e c i e s  r e p l a c i n g  m u c h  o f  t h e  origi~al 
v e g e t a t i o n .  B e s i d e s  t h e  c u l t u r a l  f l o r a ,  d e n s e  s t a n d s  o f  
A l n u s  r u b r a  { r e d  a l d e r )  o c c u r  a l o n g  t h e  s m a l l  s t r e a m s  t h a t  
1 6  
b i s e c t  t h e  t e r r a c e  a n d  n e a r  t h e  b a y s h o r e  a r e a .  M a i n  v e g e t a -
t i o n  z o n e s  a r e  t h e  P i c e a  s i t c h e n s i s  { S i t k a  s p r u c e )  a n d  T s u g a  
h e t e r p h y l l a  { W e s t e r n  h e m l o c k ) .  P l a n t  c o m m u n i t i e s  h a v e  b e e n  
d e s c r i b e d  b y  S t o u t ,  K o r n e t ,  M u n s o n ,  a n d  t h e  a u t h o r .  T r a n s e c t s  
a l o n g  W h i s k e y  C r e e k  l o g g i n g  r o a d  i n t o  t h e  o l d  g r o w t h  s t a n d  
w a s  f o u n d  t o  b e  t y p i c a l  o f  t h e  w a t e r s h e d  a r e a .  C l e a r  c u t  
a r e a s  e n c o m p a s s  n e a r l y  a l l  o f  t h e  w a t e r s h e d  a n d  d o m i n a n t  
. . .  
c o n i f e r s  o b s e r v e d  i n c l u d e  S i t k a  s p r u c e ,  W e s t e r n  h e m l o c k ,  a n d  
P s e u d o t s u g a  m e n s i e s i i  { D o u g l a s  f i r ) .  T h e  d e n s e s t  s t a n d s ·  o f  
s p r u c e  a n d  h e m l o c k  a r e  a p p r o x i m a t e l y  f o u r  m e t e r s  i n  h e i g h t  
a n d  o c c u r  a s  i s o l a t e d  c l u m p s .  S u r r o u n d i n g  b r u s h  c o m m u n i t i e s  
c o n s i s t  o f  R u b u s  p a r v i f l o r u s  { T h i r n b l e b e r r y ) ' ,  G a u l t h e r i a  
s h a l l o n  { S a l a l ) ,  a n d  R u b u s  s p e c t a b i l i s  { S a l m o n b e r r y ) .  
R i p a r i a n  s i t e s  i n c l u d e d  a  m i x e d  c o m m u n i t y  o f  A l n u s  r u b r a  
{ R e d  a l d e r ) ,  R h a m n u s  p u r s h i a n a  { C a s c a r a  b u c k t h o r n ) ,  S a l m o n -
b e r r y ,  a n d  S a m b u c u s  c e r u l e a  { B l u e  e l d e r b e r r y ) .  
M a t u r e  f o r e s t  s e l e c t i v e l y  l o g g e d  c h a r a c t e r i s t i c a l l y  
c o n t a i n  S i t k a  s p r u c e  a n d  W e s t e r n  h e m l o c k  u p  t o  f o u r  h u n d r e d  
y e a r s  o l d .  A r e a s  o f  b r u s h  h a v e  b e c o m e  e s t a b l i s h e d  w i t h i n  
t h e  c l e a r i n g s .  U n d e r s t o r y  h e r b s  i n c l u d e  P o l y s t i c h i u m  
1 7  
m u n i t u m  ( S w o r d  f e r n ) ,  Oxali~ o r e g a n a  ( O r e g o n  o x a l i s ) ,  
M a i a n t h e m u m  b i f o l i u m  ( F a l s e  l i l y - o f - t h e - v a l l e y ) ,  a n d  T i a r e l l a  
t r i f o l i a t a  ( T h r e e - l e a v e d . c o o l  w o r t ) .  C a p e  L o o k o u t  h a s  
v e g e t a t i o n  c h a r a c t e r i s t i c  o f  t h e  c l i m a x  ~itk~ s p r u c e  
z o n e  w h i c n  f o r m e r l y  w a s  p r e s e n t  i n  a  n a r r o w  b a n d  a l o n g  t h e  
e n t i r e  c o a s t l i n e  i n  T i l l a m o o k  C o u n t y .  S i t k a  s p r u c e  i s  t h e  
d o m i n a n t  t r e e  s p e c i e s  w i t h  s c a t t e r e d  s h r u b s  a n d  S w o r d  f e r n  
a s  t h e  d o m i n a n t  unde~story s p e c i e s .  T h e  h e r b a c e o u s  l a y e r  i s  
p r e d o m i n a n t l y  O r e g o n  o x a l i s  ( T a b l e  I I ) .  
T h e  s h o r e l i n e  a n d  t i d a l  f l a t  a r e a  i n c l u d e  m a r s h e s ,  
d u n e  c o m m u n i t i e s ,  a n d  t h e  u b i q u i t o u s  b e d s  o f  Z o s t e r a  m a r i n a  
( e e l g r a s s )  w i t h i n  t h e  t i d a l  f l a t  a n d  c h a n n e l .  S h a l l o w  w a t e r  
eelgr~ss a n d  S a r g a s s u m  m u t i c u m  ( S a r g a s s u m )  g r o w  i n  s h e l t e r e d  
l o w e r  i n t e r t i d a l  a r e a s . .  E e l g r a s s  b e d s  o c c u p y  f i f t y - f i v e  p e r -
c e n t  o f  t h e  t i d e l a n d s  ( S t o u t . 1 9 7 6 ) .  Altho~gh s p e c i e s  p o o r ,  
I  
m a c r o - a l g a e  e x i s t s  t h r o u g h o u t  t h e  b a y , . p a r t i c u l a r l y  a r o u n d  
t h e  b o a t  h a r b o r  w h e r e  r i p - r a p  f i l l s  p r o v i d e  a t t a c h m e n t s .  
M a n y  o f  t h e  t i d e  f l a t s . w e r e  f o u n d  m a t t e d  w i t h  C h a e t o m o r p h a  
a n d  C l a d o p h o r a .  K u n e r t  ( 1 9 7 2 }  f o u n d  s e v e n t y - e i g h t  s p e c i e s  
o f  m a r i n e  a l g a e ,  o f  w h i c h  f o r t y - f i v e  b e l o n g e d  t o  t h e ·  
d i v i s i o n  R h o d o p h y t a .  H e  f o u n d  R h i z o c l o n i u m  o n  t h e  s o u t h  e n d  
a n d  F u c u s  a l o n g  t h e  s h o r e l i n e .  S a n d y  a r e a s  w e r e  h e a v i l y  
p o p u l a t e d  w i t h  P o r p h y r a ,  U l v a  Ente~omorpha, a n d  B l i d i n g i a .  
J e f f e r s p n  ( 1 9 7 5 ) ,  E i l e r s  ( 1 9 7 3 ) ,  a n d  S t o u t  ( 1 9 7 6 )  h a v e  
d e s c r i b e d  f i v e  g e n e r a l  t y p e s  o f  s a l t  m a r s h  w h i c h  c o n t a i n  






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 9  
l o c a t e d  i n  a  p a r t i c u l a r  p a r t  o f  t h e  s h o r e l i n e  b e c a u s e  o f  
u n i q u e  e n v i r o n m e n t a l  c o n d i t i o n s .  A  r e l a t i o n s h i p  w a s  f o u n d  
b e t w e e n  a r e a s  i n u n d a t e d  b y  h i g h  t i d e ,  s e d i m e n t  c h a r a c t e r i s t i c s ,  
a n d  t h e  t y p e . o f  m a r s h  c o m m u n i t y  i n  e x i s t e n c e  ( T a b l e  I I I } .  
T h e  c h a n n e l s  a n d  l a n d s  c o v e r e d  b y  w a t e r  a t  m e a n  l o w  
t i d e  c o n t a i n  d i a t o m s ,  m a c r o - a l g a e ,  a n d  ~!grass b e d s .  
S t o u t  d e s c r i b e s  h i g h  r e p r o d u c t i o n  a n d  l u x u r i a n t  g r o w t h  o f  
·~!grass i n  a n d  a r o u n d  t h e  c h a n n e l s  d u r i n g  h e r  i n v e s -
t i g a t i o n s  o f  t h e  e x t e n s i v e  b e d s  i n  N e t a r t s  B a y .  T h e  d e e p e r  
w a t e r  s t a n d i n g  s t o c k  s h o w e d  a  h i g h e r  p e r c e n t a g e  o f  b i o m a s s  
i n  t h e  l e a v e s  a s _  c o m p a r e d  t o  r o o t s  a n d  r h i z o m e s ,  d e p i c -
t i n g  h i g h e r  r a t e s  o f  r e p r o d u c t i o n .  I t  w a s  n o t  e s t a b l i s h e d  
i n  c h a n n e l  a r e a s  w h e r e  h i g h  w a t e r  c q r r e n t  v e l o c i t i e s  c a u s e d  
s c o u r i n g  ( F i g .  7 } .  
D i a t o m s  a r e  a  p r o m i n e n t  c o n t r i b u t o r  t o  t h e  f l o r a  o f  
N e t a r t s  B a y .  R e s e a r c h  h a s  i d e n t i f i e d  o n e  h u n d r e d  s p e c i e s  o f  
d i a t o m s .  T h e  m o r e  u b i q u i t o u s  o f  t h s e  s p e c i e s  f o u n d  d u r i n g  
s a m p l i n g  a r e  l i s i e d  i n  T a b l e  I V .  D i a t o m s  a r e  v e r y  i m p o r t a n t  
i n  t h e  e n e r g y  c y c l e  o f  n a t u r a l  w a t e r s  a n d  a m o n g  t h e  f o r e m o s t  
o f  t h e  p h o t o s y n t h e t i c  p r o d u c e r s  ( R e i d  1 9 6 1 } .  
T h e  d u n e  s y s t e m  o f  t h e  N e t a r t s  s a n d s p i t  r e p r e s e n t s  a n  
o u t s t a n d i n g  e x a m p l e  o f  p l a n t  a s s o c i a t i o n s  t y p i c a l  o f  t h e  
O r e g o n  d u n e s .  O b s e r v a t i o n s  o f  v e g e t a t i o n a l  p a t t e r n s  s h o w  
a  v a r i e t y  o f  d u n e  v e g e t a t i o n  a s s o c i a t i o n s  w h i c h  b e a r  d i r e c t  
r e l a t i o n s h i p s  t o  e x p o s u r e  t o  w i n d ,  s t o r m ,  x e r i c  s i t e  c o n d i -
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~ D e e p  W a t e r  E e l g r a s s  
~ S h a l l o w  W a t e r  E e l g r a s s  
~ S a l t  M a r s h  
F i g u r e  7 .  D i s t r i b u t i o n  o f  e e l g r a s s  a n d  s a l t  m a r s h ,  N e t a r t s  B a y .  
( A f t e r  ' : t o u t , 1 9 7 6 ) .  
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T A B L E  I V  
P A R T I A L  L I S T  O F  D I A T O M S  I N  N E T A R T S  
B A Y ,  O R E G O N ,  ( M c I N T I R E  A N D  M O O R E  U N P U B L I S H E D )  
A c h n a n t h e s  h a u c k i a n a  G r u n .  
A c h n a n t h e s  p a r v u l a  K u t z .  
A m p h i p l e u r a  r u t i l a n s  ( T r e n t . )  C l .  
C o c c o n e i s  p l a c e n t u l a  v a r .  e u g l y p t a  ( E h r . )  C l .  
C o c c o n e i s  s c u t e l l u m  v a r .  p a r v a  ( G r u n . )  C l .  
F r a g i l a r i a  p i n a t a  ( E h r . )  
F r a g i l a r i a  s t r i a t u l a  v a r .  c a l i f o r n i c a  G r u n .  
M e l o s i r a  m o n i l i f o r m i s  (Mull~) A g a r d h .  
M e l o s i r a  n u m m u l o i d e s  ( D i l l w . )  A g a r d h .  
M e l o · s i r a  s u l c a t a  
N a v i c u l a  c o m p l a n a t u l a  H u s t .  
N a v i c u l a  d i s e r t a  H u s t .  
N a v i c u l a  g r e g a r i a  D o n k .  
N a v i c u l a  p e l l i c u l o s a  B r e b .  
N i t z s c h i a  c l o s t e r i u m  
N i t z s c h i a  f r u s t u l u m  v a r .  p e r p u s i l l a  ( R a b h . )  G r u n .  
N i t z s c h i a  o r e g a n a  S o v e r e i g n .  
S y n e d r a  f a s c i c u l a t a  ( A g . )  K u t z .  
S o u r c e :  S t o u t ,  H .  e d .  T h e  N a t u r a l  R e s o u r c e s  
a n d  H u m a n  U t i l i z a t i o n  o f  N e t a r t s  B a y ,  
O r e g o n  ( 1 9 7 6 ,  p .  3 5 } .  
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I  
T h e  p r e d o m i n a n t  f e a t u r e s .  o f  t h e  N e t a r t s  s a n d s p i t  c o n s i s t s  o f  
a  w e l l - e s t a b l i s h e d  p r i m a r y  d u n e ,  o r  f o r e d u n e ,  d u n e  . t r o u g h ,  a  
r e l a t i v e l y  l o w  b a c k  d u n e ,  a n d  t h e  b a y  s h o r e .  App~oximately, 
1 . 1  k i l o m e t e r s  o f  t h e  s o u t h e r n  p a r t  o f  t h e  s p i t  c o n t a i n s  
f o r e d u n e  c o m m u n i t i e s  o f  A m m o p h i l a  a r e n a r i a  ( E u r o p e a n  b e a c h  
g r a s s ) ,  C y s t i c u s  s c o p a r i u s  ( S c o t c h  b r o o m ) ,  a n d  P i n u s  c o n t o r t a  
( L o d g e p o l e  p i n e ) .  T h e s e  s p e c i e s  w e r e  p l a n t e d  i n  t h e  1 9 4 0 ' s  
b y  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  t o  h e l p  s t a b i l i z e  t h e  
f o r e d u n e .  T h e  c e n t r a l  p o r t i o n  o f  t h e  s p i t  i s  m o r e  c o m p l e x  
i n  t e r m s  o f  d i v e r s i t y  o f  p l a n t s .  P l a n t  c o m m u n i t i e s  t y p i c a l  
o f  s a n d  d u n e s ,  d u n e  t r o u g h ,  a n d  m a r s h  a r e a s  w e r e  o b s e r v e d  
d u r i n g  v e g e t a t i v e  i n v e s t i g a t i o n s  d u r i n g  t h e  s u m m e r  o f  1 9 7 5 .  
P i o n e e r  s p e c i e s  i d e n t i f i e d  o n  t h e  f o r e d u n e  i n c l u d e d  E u r o p e a n  
b e a c h  g r a s s  o n  t h e  w i n d w a r d  s i d e  a n d  c r e s t  g r a d i n g  t o  d e n s e  
s h r u b  c o m m u n i t i e s  o f  S a l a l  o n  t h e  l e e w a r d  s i d e  t o  t h e  
2 3  
t r o u g h .  P l a n t  c o m m u n i t i e s  o f  t h e  t r o u g h  s h o w  g r a d a t i o n  f r o m  
x e r i c  t o  h y d r o p h i l i c  s p e c i e s  b a s e d  o n  t h e  e ; e v a t i o n ,  e x p o s u r e ,  
a n d  m o i s t u r e  c h a r a c t e r i s t i c s  w i t h i n  ~he t r o u g h .  T h o s e  
o b s e r v e d  w e r e  L u p u s  l i t t o r a l i s  ( S h o r e  L u p i n e ) ,  F r a g a r i a  
I  
c h i l o e n s i s  ( B e a c h  s t r a w b e r r y ) ,  A b r o n i a  l a t i f o l i a  ( Y e l l o w  
a b r o n i a ) ,  a n d  C o n v o l v u l u s  s o l d a n e l l a  ( C o a s t  m o r n i n g  g l o r y ) .  
V a r i o u s  s p e c i e s  o f  A g r o s t i s  ( B e n t g r a s s )  o c c u r  a s  
t h i c k  g r o u n d  c o v e r  o n  t h e  w e t t e r  p o r t i o n s  o f  t h e  t r o u g h .  A n  
a r e a  o f  S i t k a  s p r u c e  o f  4 6 . 5  h e c t a r e s  i s  l o c a t e d  i n  t h e  
c e n t r a l  p o r t i o n  o f  t h e  s p i t  a n d  i s  a p p r o x i m a t e l y  f i f t y  y e a r s  
o l d .  P l a n t  s p e c i e s  i n  a r e a s  o f  t r o u g h  b e t w e e n  t h e  f o r e s t  
c o n s i s t  o f  d e n s e  s h r u b  c o m m u n i t i e s  o f  V a c c i n i u m  o v a t u m  
( E v e r g r e e n  h u c k l e b e r r y ) , . S a l i x  h o o k e r i a n a _  ( C o a s t  w i l l o w ) ,  
a n d  M y r i c a  c a l i f o r n i c a  ( W a x  m y r t l e ) .  A c r c t o s t a p h y l o s  
u v a - u r s i  ( K i n n i k i n n i c k )  a n d  L e d u m  g l a d u l o s u m  { P a c i f i c  
l a b r a d o r  t e a )  w e r e  o b s e r v e d  a s  r a r e  c o n t r i b u t i o n s  t o  t h e  
f l o r a .  T h e  H u c k l e b e r r y  a n d  S a l a !  w e r e  f o u n d  a s  s p a r s e  
u n d e r s t o r y  v e g e t a t i o n  w i t h i n  t h e  s t a n d  o f  s p r u c e .  T h e  C o a s t  
w i l l o w  a n d  W a x  m y r t l e  w e r e  o b s e r v e d  o n  l o w - l y i n g  d e p r e s s i o n s  
o n  t h e  e d g e  a n d  b e t w e e n  t h e  d e n s e ,  a l m o s t  p u r e  s t a n d s  o f  
S i t k a  s p r u c e  ( T a b l e  V ) .  
F a u n a  
F a u n a l  a n d  a v i f  a u n a l  s p e 9 i e s  f o r  t h e  N e t a r t s  s t u d y  
a r e a  h a v e  b e e n  o b s e r v e d  a n d  r e c o r d e d  b y  Korn~t a n d  M u n s o n  
( 1 9 7 6 )  ( s e e  A p p e n d i x  A  f o r  r e f e r e n c e  t o  f a u n a l  l i s t s ) .  
E i g h t  h a b i t a t  t y p e s  h a v e  b e e n  d e s c r i b e d  b a s e d  o n  p r e d o m i n a n t  
p l a n t  c o m m u n i t i e s  ( F i g .  8 ) .  T h e  m a t u r e  c o n i £ e r o u s  h a b i t a t ,  
a s s o c i a t e d  w i t h  t h e  u p l a n d  a n d  w a t e r s h e d  w a s  f o u n d  t o  h a v e  
t h e  g r e a t e s t  n u m b e r  o f  s p e c i e s ,  d u e  t o  t h e  h i g h  a n d  v a r i e d  
· p l a n t  c o m m u n i t y  l a y e r s ,  t h e  a b u n d a n t  f o o d , ·  a n d  t h e  m o i s t ,  
. r i c h  e a r t h .  A  p r o n o u n c e d  d i f f e r e n c e  i n  b i r d  d e n s i t i e s  w a s  
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f o u n d  b e t w e e n  m a t u r e  f o r e s t  a n d  d i s t u r b e d  m a t u r e  f o r e s t  d u e  
t o  t h e  l a c k  o f  v e r t i c a l  s t r a t i f i c a t i o n  o f  v e g e t a t i o n  w i t h i n  
t h e  u n d i s t u r b e d  h a b i t a t .  C l e a r c u t  h a b i t a t  b i r d  d e n s i t i e s  
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F i g u r e  8 .  M a i n  v e g e t a t i o n a l  h a b i t a t  t y p e s ,  N e t a r t s  B a y .  
( A f t e r  K o r n e t , 1 9 7 6 ) .  
p h a s e d  f o o d  s u p p l y  d u r i n g  t h e  b r e e d i n g  a n d  r e p r o d u c t i v e  
s e a s o n .  T h e  residen~ial h a b i t a t  a r e a  i s  i n c l u d e d  h e r e  t o  
i n d i c a t e  a v i f a u n a l  h a b i t a t .  I t  w a s  f o u n d  t h a t  t h e  
v a r i e t y  o f  v e g e t a t i o n ,  t h e  m i x  o f  o p e n  a n d  ~hrub a r e a s ,  a n d  
m a n - m a d e  s t r u c t u r e s  i n c r e a s e s  t h e  d e n s i t y  o f  b r e e d i n g  
b i r d s .  
A  w i d e  v a r i e t y  o f  h a b i t a t  t y p e  w a s  f o u n d  i n  t h e  
s h o r e l i n e  a n d  t i d a l  f l a t  a r e a .  T e r r e s t r i a l  h a b i t a t s  w e r e  
i d e n t i f i e d  b y  K o r n e t  ( 1 9 7 6 }  d u r i n g  t h e  s u m m e r  o f  1 9 7 5 .  
H a b i t a t  t y p e s  i d e n t i f i e d  d u r i n g  t h a t  s t u d y  i n c l u d e  s a l t  
m a r s h ,  r i p a r i a n  a l d e r  s i t e s ,  s a n d s p i t / b e a c h  g r a s s ,  s a n d s p i t /  
s p r u c e ,  a n d  t h e  i n t e r t i d a l  a r e a s  ( a r e a s  b e t w e e n  m e a n  l o w  a n d  
me~n h i 9 h  t i d e ) .  T h e  s a l t  m a r s h  h a b i t a t  w a s  f o u n d  t o  b e  
s c a r c e  i n  t e r m s  o f  t h e  n u m b e r s  a n d  t y p e s  o f  r e p t i l e s ,  
a m p h i b i a n s ,  a n d  m a m m a l s .  T h e r e  w a s  o n l y  o n e  s p e c i e s  o f  
a n i m a l ,  S o r e x  v a g r a n s  ( V a g r a n t  s h r e w }  t r a p p e d  d u r i n g  t h e  
t e n - w e e k  o b s e r v a t i o n  p e r i o d .  T h e  r i p a r i a n  a l d e r  h a b i t a t  
t y p e  f o u n d  w i t h i n  t h e  s h o r e l i n e  a n d  t i d a l  f l a t  a r e a  i s  
c o n f i n e d  t o  t h o s e  s m a l l  s t r e a m s  w h i c h  f l o w  i n t o  m a r s h e s  a n d  
i n  s o m e  a r e a s  w e s t  o f  t h e  c o u n t y  r o a d  f o r  s h o r t  s t r e t c h e s  
b e f o r e  e n t e r i n g  t h e  b a y .  T h r e e  s p e c i e s  o f  E v e n i n g  b a t s ,  
T a r i c h a  g r a n u l o s a  ( R o u g h - s k i n n e d  n e w t ) ,  t w o  s p e c i e s  o f  
f r o g s ,  a n d  B u f o  b o r e a s  ( W e s t e r n  t o a d )  w e r e  f o u n d  t o  u t i l i z e  
t h e  q u i e t  p o n d s  f o r  c o v e r ,  f o o d ,  a n d  r e p r o d u c t i o n .  N e o t o m a  
c e d n e r a  ( B u s h y - t a i l e d  w o o d r a t ) ,  P r o c y o n  l o t a r  ( R a c o o n ) ,  
M u s t e l a  e r m i n a  ( E r m i n e  a n d  M e p h i t i s  m e p h i t i s  ( S t r i p e d  
2 7  
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s k u n k )  w e r e  o b s e r v e d .  T h e  r i p a r i a n  a l d e r  h a b i t a t  c o n t a i n e d  
t h e  g r e a t e s t  n u m b e r  o f  s p e c i e s  o f  r e p t i l e s ,  m a m m a l s ,  a n d  
I  
a m p h i b i a n s .  H i g h  p o p u l a t i o n s  o f  P e r o m y s a n  m a n i c u l a t u s  
{ D e e r  m i c e )  a n d  V a g r a n t  s h r e w s  w e r e  o b s e r v e d  i n  t h e  s a n d s p i t /  
b e a c h g r a s s  a n d  s a n d s p i t / s p r u c e  h a b i t a t .  U r s u s  a m e r i c a n u s  
( B l a c k  b e a r )  w e r e  o b s e r v e d  ~long w i t h  a  r e s i d e n t  p o p u l a t i o n  
o f  O d o c o i l e u s  h e m i o n u s  c o l u b i a n u s  ( B l a c k - t a i l e d  d e e r ) .  
R a c o o n  s i g n  w a s  a l s o .  p r e s e n t .  
M a m m a l  s p e c i e s  o b s e r v e d  w i t h i n  t h e  i n t e r t i d a l  h a o i t a t  
t y p e  i n c l u d e  t h e  B l a c k - t a i l e d  d e e r ,  t h e  R a c c o o n ,  a n d  P h o c a  
v i t u l i n a  ( P a c i f i c  h a r b o r  s e a l )  w h i c h  i n h a b i t  t h e  d e e p e r  
w a t e r s  o f  t h e  b a y  m o u t h ,  b u t  u t i l i z e  t h e  i n t e r t i d a l  s a n d  
b a r s  a s  " h a u l  o u t "  s i t e s .  T h e  t i d a l  f l a t s  ( i n t e r t i d a l  
a r e a s )  l a c k  c o v e r  a n d  a r e  u t i l i z e d  f o r  f o o d  f o r a g i n g  a n d  
c o r r i d o r s  b y  t h e  B l a c k - t a i l e d  d e e r  { s e e  A p p e n d i x  B  f o r  a  
c o m p l e t e  l i s t i n g ) .  
A v i f a u n a l  s p e c i e s  h a v e  b e e n  s t u d i e d  a t  N e t a r t s  d u r i n g  
t h e  t u r n  o f  t h e  c e n t u r y  b y  W i l l i a m  ~. F i n l e y  a n d  H .  T .  
B o h l m a n .  A  d e t a i l e d  s u r v e y  o f  b i r d  cou~ts, s p e c i e  t y p e s ,  
a n d  h a b i t a t  c o n d i t i o n s  w a s  t a k e r i  d u r i n g  t h e  s u m m e r  b y  
M u n s o n  ( 1 9 7 5 )  { s e e  A p p e n d i x  B ) .  B i r d  d e n s i t i e s  w e r e  
o b t a i n e d  b y  d i v i d i n g  t h e  t o t a l  n u m b e r  o f  i n d i v i d u a l s  o b s e r v e d  
b y  t h e  t o t a l  a r e a  o f  t h e  b a y .  D e n s i t i e s  w e r e  n o t  c a l c u l a t e d  
f o r  t h e  s p i t ;  b u t  i t s  i m p o r t a n c e  c a n n o t  b e  o v e r - e m p h a s i z e d  
a s  a  r e s t i n g  a r e a  f o r  b i r d s  a n d  i t s  u n i q u e  h a b i t a t  f o r  
t h e  S n o w y  p l o v e r  { C h a r o d i c u s  a l e x a n d r i u s ) ,  t h e  l o n g - b i l l e d  
m a r s h  w r e n  ( T e l m a t o d y t e s  p a l u s t r i s ) ,  W e s t e r n  m e a d o w l a r k  
{ S t e r n e l l a  neglecta)~ P u r p l e  m a r t i n  ( P r o g n e  s t i b i s ) ,  a n d  t h e  
S a v a n n a h  s p a r r o w  ( P a s s e r c u l u s .  s a n d w i c h e n s i s ) .  I m p o r t a n t  
h a b i t a t  t y p e s  o n  t h e  s p i t  a r e  t h e  S p r u c e  f o r e s t  a n d  b r u s h  
c o m m u n i t i e s  w h i c h  s e r v e  a~ G r e a t  B l u e  h e r o n  ( A r d e a  h e r o d i a s )  
r o o s t i n g  a r e a s  a n d  n e s t i n g  a n d  f o r a g i n g  h a b i t a t  f o r  n u m e r o u s  
s o n g  b i r d s ,  s u c h  a s  S w a i n s o n  t h r u s h  ( H y l o c i c h l a  u s t u l a t a ) ,  
S n o w y  p l o v e r ,  a n d  M a r s h  h a w k  ( C i r c u s  c y a n e u s ) .  
D u r i n g  t h e  s u m m e r  s a m p l i n g  p r o g r a m  o f  1 9 7 5 ,  a  t o t a l  o f  
e i g h t y - s e v e n  i n v e r t e b r a t e  s p e c i e s  w e r e  r e c o r d e d  f o r  t h e  
c h a n n e l  a n d  t i d a l  f l a t  a r e a .  S i x t y - t w o  w e r e  i n f a u n a !  
2 9  
s p e c i e s  t a k e n  f r o m  b e n t h i c  c o r e  s a m p l e s  a n d  t h e  r e m a i n d e r  
f r o m  n e t s  d u r i n g  t h e  f i s h  s a m p l i n g .  D a t a  h a v e  b e e n  p u b l i s h e d  
o n  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  s i x t y - t w o  s p e c i e s  
e x a m i n e d  d u r i n g  t h e  s u r v e y  f o r  e a c h  t r a n s e c t  a r e a  ( s e e  
A p p e n d i x  C ) .  A  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  v a r i a t i o n  
a s s o c i a t e d  w i t h  h a b i t a t  a n d  s e d i m e n t  c o n d i t i o n s  a n d  d i v e r s i t y  
o f  i n f a u n a !  a n d  e p i f u a n a l  i n v e r t e b r a t e  s p e c i e s  w i t h i n  t h e  _  
s a m p l e d  a r e a s  { W i l s o n ,  e t  a l ,  1 9 7 5 ,  p .  5 8 ) .  D o m i n a n t  
i n f l u e n c e s  o f  s t r o n g  t i d a l  c u r r e n t s  a n d  c o a r s e  s e d i m e n t s  
w e r e  n o t e d  o n  t h e  l b w e r  n u m b e r  o f  s p e c i e s  a s s o c i a t e d  w i t h  
t h e  m a i n  c h a n n e l .  P u b l i s h e d  d a t a  o n  t h e  s p a t i a l  o c c u r r e n c e  
o f  m a n y  o f  . t h e s e  s p e c i e s ,  a s  w e l l  a s  t h e  s t a t i s t i c a l  a n a l y s i s  
o f  t h e  d i s c r e t e  c o m m u n i t i e s  c a n  b e  f o u n d  i n  t h e  N e t a r t s  B a y  
I n t e r d i s c i p l i n a r y  S t u d y ,  T h e  N a t u r a l  R e s o u r c e s  a n d  H u m a n  
U t i l i z a t i o n  o f  N e t a r t s  B a y ,  O r e g o n ,  1 9 7 6 :  H .  S t o u t ,  e d i t o r .  
T h e  O r e g o n  D e p a r t m e n t  o f  F i s h e r i e s  a n d  W i l d l i f e  h a s  
s a m p l e d  a n d  p u b l i s h e d  d a t a  o n  t h e  i m p o r t a n c e  a n d  a b u n d a n c e  
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o f  r e c r e a t i o n a l l y  i m p o r t a n t  b i v a l u e s  i n  N e t a r t s  B a y .  O t h e r  
f a u n a l  s p e c i e s  i n c l u d e  t h o s e  o f  t h e  C l a s s  O s t e i c h t h y e s .  
F o r t y - n i n e  s p e c i e s  r e p r e s e n t i n g  n i n e t e e n  f a m i l i e s  w e r e  
c o l l e c t e d  d u r i n g  t h e  p e r i o d  J u n e  t o  S e p t e m b e r , .  1 9 7 5  b y  t h e  
f i s h e r i e s  t e a m .  Grea~est s p e c i e s  d i v e r s i t y  w a s  f o u n d  t o  
o c c u r  o v e r  t h e  r o c k y  s a n d  s u b s t r a t e  w i t h i n  t h e  c h a n n e l  a n d  
l e a s t  o v e r  s i l t  a n d  r o c k y  s h e l l .  S a l i n i t y  c o n c e n t r a t i o n s  
w e r e  i m p o r t a n t  e n v i r o n m e n t a l  f a c t o r s ;  t h e  h i g h e r  t h e  s a l i n i t y ,  
t h e  g r e a t e r  t h e  s p e c i e s  d i v e r s i t y .  A l t h o u g h  i c h t h y o f a u n a l  
s p e c i e s  w e r e  f o u n d  t o  b e  c o m m o n  t h r o u g h o u t  t h e  b a y ,  t h e  
t o t a l  n u m b e r s  a s s o c i a t e d  w i t h  t h e  e e l g r a s s  b e d s  w e r e  m o s t  
n u m e r o u s  f o r  f o u r  s p e c i e s .  T h i s  reinfor~ed o t h e r  f i n d i n g s  
t h a t  c o l l e c t i o n  s i t e s  w i t h i n  t h e  c h a n n e l  h a d  t h e  g r e a t e s t  
s p e c i e s  d i v e r s i t y .  N i n e  s p e c i e s  w e r e  f o u n d  i n  h a b i t a t s  
s i m i l a r  t o  t h e s e  c o n d i t i o n s  a n d  c o m p r i s e d  o v e r  f i f t y  p e r c e n t  
o f  a l l  s p e c i e s  c o l l e c t e d .  G a s t e r o s t e u s  a c u l e a t u s  ( T h r e e  
s p i n e  s t i c k l e b a c k ) ,  S y n g n a t h u s  g r i s e o l i n e a t u s  B a y  p i p e f i s h ) ,  
C y m a t o g a s t e r  a g g r e g a t a  ( S h i n e r  p e r c h ) ,  a n d  t h e  S a d d l e  b a c k  
. g u n n e l  (  P h o l i s  o r n a t a )  w e r e  m o s t  a b u n d a n t  i n  t h e  - e e l g r a s s ·  
b e d s  a s s o c i a t e d  w i t h  t h e  c h a n n e l s  ( T a b l e  V I ) .  T h r e e  s p e c i e s ,  
T h r e e  s p i n e  s t i c k l e b a c k ,  B a y  p i p e f i s h ,  a n d  P a r o p h y r s  v e t u l u s  
( E n g l i s h  s o l e )  m a d e  u p  s i x t y - f o u r  p e r c e n t  o f  t h e  t o t a l  c a t c h  
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C H A P T E R  I I I  
T H E  N E T A R T S  B A Y  S Y S T E M S  
T h e  p~evious d i s c u s s i o n  d e a l t  w i t h  t h e  v a r i o u s  p h y s i c a l  
s u b - u n i t s  w i t h i n  t h e  N e t a r t s  s t u d y  a r e a  b a s e d  p r i n c i p a l l y  o n  
g e o l o g i c a l  a n d  t o p o g r a p h i c a l  c h a r a c t e r i s t i c s  a s  w e l l  a s  t h e  
f l o r a  a n d  f a u n a .  I t  i s  t h e  p u r p o s e  o f  t h i s  s e c t i o n  t o  
d e s c r i b e  t h e  s t u d y  a r e a  a s  a  s y s t e m  a n d  i d e n t i f y  t h e  f u n c t i o n s  
t h a t  t h i s  s y s t e m  p e r f o r m s .  T h i s  i s  d o n e  p r i n c i p a l l y  t o  
~ 
e s t a b l i s h  a  m e a s u r e  o f  s y s t e m  c o n d i t i o n  u p o n  w h i c h  t h e  h u m a n  
u t i l i z a t i o n  o f  r e s o u r c e s  c a n  b e  c o m p a r e d .  E u g e n e  P .  O d u m  
( 1 9 6 1 )  h a s  b e e r i  a  p i o n e e r  i n  e s t u a r i n e  e c o l o g y  a n d · h a s  
d e s c r i b e d  m a n y  f~nctions o f  e s t u a r i e s  i n  g e n e r a l .  C r o n i n  
(1971)~ C l a r k  ( 1 9 7 4 ) ,  H e d g e p e t h  { 1 9 5 7 ) ,  T e a l  ( 1 9 6 2 ) ,  a n d  
H .  T .  O d u m  ( 1 9 6 9 )  a r e  a  f e w  w h o  h a v e  c o n t r i b u t e d  t o  c h a n g i n g  
t h e  i m a g e  o f  t h e s e  i m p o r t a n t  e c o s y s t e m s  e i t h e r  b y  p u r e  
r e s e a r c h  o r  c o n s i d e r i n g  c o m p l e x  r e s o u r c e  m a n a g e m e n t  p r o b l e m s .  
E s t u a r i e s  c a n  b e  r e g a r d e d  a s  " t r a n s i t i o n  z o n e s "  o r  e c o t o n e s  
b e t w e e n  f r e s h  w a t e r  a n d  m a r i n e  h a b i t a t s .  A l t h o u g h  m a n y  
i m p o r t a n t  p h y s i c a l  a n d  b i o l o g i c a l  a t t r i b u t e s  a r e  " t r a n s i t i o n a l " ,  
m a n y  a r e  a l s o  u n i q u e · .  O d u m  ( 1 9 7 1 )  c h a r a c t e r i z e d  e s t u a r i e s  
a s  b e l o n g i n g  t o  t h a t  c l a s s  o f  " f l u c t u a t i n g  w a t e r - l e v e l  
e c o s y s t e m s "  t h a t  a r e  i m p o r t a n t  b e c a u s e  o f  f r e q u e n t  n u t r i e n t  
i m p u t  a n d  m a i n t e n a n c e  o f  a  y o u t h f u l  ~tage i n  r e g a r d  t o  
p r o d u c t i v i t y .  T h i s  h i g h  l e v e l  ? f  productivit~ s u s t a i n s  
i m p o r t a n t  c o m m e r c i a l  a n d  s p o r t s  f i s h e r i e s .  I t  a l s o  p r o v i d e s  
f o o d  a n d  e n e r g y  f r o m  t h r e e  t y p e s  o f  p r o d u c e r s  e s s e n t i a l  i n  
t h e  f o o d  c h a i n .  Z o n a t i o n  o f  p r o d u c t i o n  u n i t s  w e r e  f o u n d  b y ,  
H .  T~ O d u m  { 1 9 6 7 )  a n d  W o o d  a n d  Z i e m a n  { 1 9 6 9 ) .  T h e i r  r e s e a r c h  
s h o w s  ~elgrass { Z o s t e r a )  a s  t h e  m a j o r  p r o d u c e r  o f  c o l d  w a t e r  
e s t u a r i e s ;  t h e  m i c r o b i a l l y - e n r i c h e d  g r a s s  d e t r i t u s  f e e d i n g  
t h e  c o n s u m e r s  i n  t h e  c h a n n e l s  a n d  b a y .  M a j o r  f u n c t i o n s  o f  
e s t u a r y  s y s t e m s  i n  g e n e r a l  a r e :  
{ l )  v i t a l  h a b i t a t s  f o r  b i r d s ,  f i s h e s ,  a n d  m a m m a l s  
( 2 )  a r e a s  o f  p r i m a r y  p r o d u c t i v i t y  f o r  c r e a t i o n  
m a r i n e  f o o d  c h a i n s  
( 3 )  p r o v i d e s  r e c r e a t i o n a l  a n d  s c i e n t i f i c  r e s o u r c e s  
t o  t h e ·  p u b l i c  
A  d i s c u s s i o n  o f  a n  e s t u a r i n e  s y s t e m  e n t a i l s  s o m e  
a n a l y s i s  o f  t h o s e  p h y s i c a l  f a c t o r s  w h i c h  c o n t r o l  t h e  a m o u n t  
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o f  p h y s i c a l  a n d  b i o l o g i c a l  i m p u t s  t o  t h e  s y s t e m .  C h a r a c t e r i z a -
t i o n  o f  t h e  s h a p e  o f  t h e  N e t a r t s  b a s i n  a n d  t i d e s  a r e  
e s s e n t i a l  f o r  d e s r i b i n g  t h e  e s t u a r y  a s  a  s y s t e m .  
P H Y S I C A L  S Y S T E M S  A N D  T H E I R  I N F L U E N C E  O N  N E T A R T S  B A Y  
T h o s e  i n v o l v e d  i n  e s t u a r i n e  r e s e a r c h  h a v e  g e n e r a l l y ·  
u s e d  t w o  m e t h o d s  i n  c l a s s i f y i n g  e s t u a r i e s ;  o n e  p r i m a r i l y  
a n a l y z i n g  t h e  w a t e r  s t r a t i f i c a t i o n  a n d  c i r c u l a t i o n  p a t t e r n s  
a n d  t h e  o t h e r  t h e  i m p a c t  o f  t h e  e n e r g y  e n v i r o n m e n t  o n  t h e  
b i o t a  a n d  h o w  t h e  b i o t a  r e a c t s  t o  t h i s  i m p a c t .  
P h y s i c a l l y ,  N e t a r t s  B a y  i s  p r i n c i p a l l y  i n f l u e n c e d  b y  
v a r i a t i o n s  i n  r u n o f f ,  d e n s i t y  d i f f e r e n c e s  b e t w e e n  w a t e r  
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m a s s e s ,  t i d a l  m o v e m e n t s ,  a n d  t h e  m o r p h o l o g y  o f  t h e  b a y .  
P r i t c h a r d  ( 1 9 5 5 )  a n d  B u r t  a n d  M c A l i s t e r  ( 1 9 5 9 )  . h a v e  c l a s s i f i e d  
N e t a r t s  B a y  a s  a  T y p e  D  e s t u a r y ;  w e l l  m i x e d  a n d  v e r t i c a l l y .  
h o m o g e n o u s  i n  t e r m s  o f  s a l i n i t y .  T h i s  c l a s s i f i c a t i o n  b a s e d  
o n  w a t e r  c i r c u l a t i o n  a n d  s a l i n i t y  r e c o g n i z e d  t h a t  t h e  
N e t a r t s  e s t u a r y  c a n  e v o l v e  i n t o  a  p a r t i a l l y - s t r a t i f i e d  
e s t u a r y  d u r i n g  c e r t a i n  t i m e s  o f  t h e  y e a r  w h e n  f r e s h  w a t e r  
f l o w s  a r e  o p t i m u m .  Z i m m e r m a n  ( 1 9 7 1 )  f o u n d ,  a f t e r  a  h a r d  
r a i n f a l l ,  a  l a r g e  s a l i n i t y  d i f f e r e n c e  f r o m  s u r f a c e  t o  b o t t o m  
a t  a  s t a t i o n  o n e  k i l o m e t e r  n o r t h  o f  W h i s k e y  C r e e k .  
H y d r o g r a p h y  
H y d r o g r a p h y ,  a s  u s e d  i n  t h i s  d i s c u s s i o n ,  p e r t a i n s  t o  
t i d a l  e l e v a t i o n s ,  f l u s h i n g  a n d  c i r c u l a t i o n  c h a r a c t e r i s t i c s ,  
t h e  b o t t o m  c o n f i g u r a t i o n ,  a n d  t h e  n a t u r a l  a n d  m a n - m a d e  
f e a t u r e s  o f  t h e  a d j a c e n t  s h o r e l i n e s  a n d  b a y  p r o p e r .  
A c c o r d i n g  t o  B u r t  a n d  M c A l i s t e r  ( 1 9 5 9 ) " ,  N e t a r t s  B a y  i s  a  
t y p e  D  e s t u a r y  w i t h  e s s e n t i a l l y  a  w e l l - m i x e d  c o n d i t i o n  a l l  
y e a r  a n d  e x h i b i t s  a  f a i r l y  p r e d i c t a b l e  s a l i n i t y  r e g i m e  b a s e d  
p r i m a r i l y  o n  t h e  r a t i o  o f  f r e s h  w a t e r  d i s c h a r g e  t o  t h e  t i d a l  
p r i s m  a n d  t h e  p h y s i o g r a p h i c  c h a r a c t e r  o f  t h e  b a y  ( F i g s .  9  
a n d  1 0 ) .  T w o  h y d r o g r a p h i c  s u r v e y s  h a v e  b e e n  m a d e  o f  N e t a r t s  
B a y  b y  t h e  U . S .  C o a s t  a n d  G e o d e t i c  S u r v e y  i n  1 9 5 7  a n d  t h e  
O r e g o n  S t a t e  U n i v e r s i t y  E n g i n e e r i n g  E x p e r i m e n t  S t a t i o n  i n  
c o n j u n c t i o n  w i t h  G l a n z m a n ' s  w o r k  i n  1 9 7 0 .  C o m p a r i s o n  o f  
t h e s e  s u r v e y s ,  a s  w e l l  a s  a n a l y s i s  o f  a e r i a l  p h o t o s  f l o w n  i n  
1 9 3 9  s h o w s  e v i d e n c e  o f  c h a n g e  i~ t h e  m e a n d e r  p a t t e r n s  o f  t h e  
O C E A N  
F i g u r e  9 .  C i r c u l a t i o n  i n  a  T y p e  D  e s t u a r y .  
( A f t e r  P r i t c h a r d ,  D . W .  1 9 5 5 ) .  
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F i g u r e  1 0 .  S a l i n i t y  r e g i m e  f o r  a  w e l l - m i x e d  e s t u a r y .  
( A f t e r  B u r t  a n d  M c A l i s t e r ,  1 9 5 9 ) .  
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t h e  s a n d s p i t ,  a n d  a  d e c r e a s e  i n  t h e  t o t a l  t i d a l  p r i s m  
a r e a .  
T . i d a l  c i · r · c t i l : a t i · o t l . ·  · a : n " d  F T u · s h i l l " g ·  " C h a · r · a · c t e r · i s · t i c s  
T i d a l  e l e v a t i o n s ,  c u r r e n t s ,  a n d  flushi~g c h a r a c t e r i s t i c s  
a r e  i m p o r t a n t  f e a t u r e s  o f  b i o l o g i c a l  p r o d u c t i v i t y ,  e n e r g y  
r e g i m e s ,  a n d  h a b i t a t  c o n d i t i o n s  f a v o r a b l e  f o r  a  r a n g e  o f  
d i v e r s e  f l o r a  a n d  f a u n a !  s p e c i e s .  T i d a l  e l e v a t i o n s  c u r r e n t l y  
s e r v e  a s  i m p o r t a n t  p l a n n i n g  l a n d m a r k s  i n  d e f i n i n g  t h e  l e g a l  
b o u n d a r y  0 £  s t a t e  a u t h o r i t y  f o r  r e g u l a t i n g  t h e  u s e  o f .  
N e t a r t s  s h o r e l i n e s ,  a s  w e l l  a s  f o r  o t h e r .  O r e g o n  e s t u a r i e s .  
· G l a n z m a n  ~t a l  ( 1 9 7 1 )  p e r f e c t e d  a  m e a n s  o f  p r e d i c t i n g  
t i d a l  he~ghts a t  t h e  S c h o o n e r  R e s t a u r a n t  a t  t h e  m o u t h  
o f  N e t a r t s ,  b a s e d  o n  t h e  k n o w n  h e i g h t s  a t  t h e  N e w p o r t  
t i d e  r e c o r d e r .  W i t h i Q  N e t a r t s ,  h e  m e a s u r e d  t i d a l  ra~ges 
a n d  t i m e s  a t  b o t h  t h e  S c h o o n e r  a n d  W h i s k e y  C r e e k ·  o v e r  a  
f o u r t e e n - d a y  p e r i o d .  A  c h o k i n g  c o e f f i c i e n t  o f  0 . 8 6
1  
w a s  
f o u n d  f o r  t h e  t i d a l  r a n g e s  b e t w e e n  t h e  S~hooner a n d  Whis~ey 
C r e e k .  T h u s ,  i f  a  m e a n  t i d e  r a n g e  o f  . 1 . 7 1  m e t e r s  w a s  
m e a s u r e d  a t  t h e  S c h o o n e r ,  a  c o r r e s p o n d i n g  m e a n  t i d e  r a n g e  a t  
W h i s k e y  C r e e k  w o u l d  b e  . 8 6  x  1 7 1  =  1 . 4 7  m e t e r s .  
T i d a l  c u r r e n t s  a n d  f l u s h i n g  o f  e s t u a r i n e  w a t e r s  
p e r f o r m  m a n y  f u n c t i o n s .  I n  g e n e r a l ,  t h e s e  . f o r c e s  t r a n s p o r t  
n u t r i e n t s ,  p r o p e l  p l a n k t o n ,  a n d  s p r . e a d  p l a n k t o n i c  l a r v a  
1
T h e  t i d e  r a n g e  a t  W h i s k e y  C r e e k  d i v i d e d  b y  t h e  t i d e  
r a n g e  a t  t h e  S c h o o n e r .  
o f  f i s h  a n d  s h e l l - f i s h .  T h e y  a l s o  a c t  a s  f l u s h i n g  a g e n t s  
f o r  a n i m a l  a n d  p l a n t  w a s t e s  a n d  c l e a n s e  t h e  s y s t e m  o f  
p o l l u t a n t s .  C u r r e n t  v e l o c i t i e s  a n d  d i r e c t i o n  a l s o  c o n t r o l  
s a l i n i t y  a n d  s e d i m e n t a t i o n .  T i d a l  a m p l i t u d e  a s  w e l l  a s  t h e  
s i z e  a n d  s h a p e  o f  t h e  N e t a r t s  b a s i n  a r e  t h e  m a j o r  f a c t o r s  
r e s p o n s i b l e  f o r  e s t u a r i n e  c i r c u l a t i o n .  C i r c u l a t i o n  f o r c e s  
t e n d  t o  b e  g r e a t e r  a n d  f l u s h i n g  r a t e s  b e t t e r  w h e r e  t i d a l  
a m p l i t u d e s  a r e  h i g h  ( C l a r k  1 9 7 4 ,  p .  1 3 ) .  T h i s  i s  t h e  c a s e  
f o r  N e t a r t s  B a y .  D u r i n g  G l a n z m a n ' s  s t u d y  ( 1 9 7 1 ) ,  c u r r e n t s  
w i t h  a  s t r o n g ,  h o r i z o n t a l  v e l o c i t y  g r a d i e n t  w e r e  o b s e r v e d .  
M o s t  o f  t h e  w a t e r  w a s  f o u n d  t o  b e  t r a n s p o r t e d  i n  t h e  d e e p e r  
c h a n n e l s  a n d  f l o w s  d i r e c t e d  o n t o  a n d  o f f  t h e  t i d a l  f l a t s  
p e r p e n d i c u l a r  t o  m a i n  c h a n n e l  f l o w .  B o l e y  a n d  S l o t t a  ( 1 9 7 4 }  
us~d rele~sed Woodhea~-type b o t t o m  d r i f t e r s  i n s i d e  t h e  b a y  
a t  h i g h  a n d  s l a c k  t i d e s  a s  w e l l  a s  o u t s i d e  t h e  m o u t h  d u r i n g  
f l o o d  t i d e s  d u r i n g  t h e  s u m m e r  o f  1 9 7 1 .  A f t e r  a  s e r i e s  o f  
t i d a l  c y c l e s ,  a p p r o x i m a t e l y  7 0  p e r c e n t  o f  t h e  d r i f t e r s  w e r e  
f o u n d  e i t h e r  o n  t h e  n o r t h e r n  e d g e  o f  t h e  s p i t  o r  a t  C a p e  
L o o k o u t  S t a t e  P a r k  b e a c h .  E v i d e n c e  s h o w s  a  m e a n  s e a w a r d .  
b o t t o m  f l o w  o f  w a t e r  c u r r e n t  o c c u r s  o u t  o f  N e t a r t s  B a y  w i t h  
l i t t l e  v a c c i l l a t i o n  o f  c u r r e n t  f o r c e  d u r i n g  t h e  s u m m e r .  
· V e l o c i t i e s  w e r e  wer~ f o u n d  t o  a v e r a g e  b e t w e e n  3 0 . 5  c m / s e c  
. a n d  6 3 . 5  c~/sec. B o t t o m  v e l o c i t i e s  a r e  e x p e c t e d  t o  b e  
3 7  
h i g h e r ,  b a s e d  o n  t h e  p r e d o m i n a n t  l a r g e r  f l o w  ( v o l u m e )  n e a r  
t h e  b o t t o m  ( t h e .  t i d e  r a n g e  a t  W h i s k e y  C r e e k  d i v i d e d  b y  t h e  
t i d e  r a n g e  a t  t h e  S c h o o n e r ) .  I t  w a s  a l s o  f o u n d ,  t h a t  d u e  t o  
w e l l - m i x e d  c o n d i t i o n s ,  t h e  b a y  i s  n o t  s u b j e c t  t o  g r a d i e n t s  
i n  c u r r e n t  v e l o c i t y  d u e  t o  s t r a t i f i c a t i o n  { G l a r i z m a n · · e t  a l  
1 9 7 1 )  ( F i g  1 1 ) .  
T i d a l  f l u s h i n g  c h a r a c t e r i s t i c s  i n c l u d e  t o t a l  b a y  
w a t e r  c a p a c i t y  a n d  r e s i d u a l  ~olume d u r i n g  a  c o m p l e t e  
t i d a l  c y c l e .  I t  i s  b a s i c a l l y  a  q u a n t i t a t i v e  m e a s u r e m e n t  o f  
t h e  t o t a l  a m o u n t  a n d  v e l o c i t y  o f  w a t e r  e n t e r i n g  a n d  l e a v i n g  
t h e  b a y .  T h e  a m o u n t  o f  w a t e r  c o n t a i n e d  i n  t h e  b a y  
b e t w e e n  h i g h  w a t e r  a n d  m e a n  l o w  w a t e r ,  t h e  t i d a l  p r i s m ,  w a s  
c a l c u l a t e d  b y  G l a _ n z m a n  b y  f i r s t  d o i n g  a  c r o s s  s e c t i o n  
a n a l y s i s  o f  a r e a · £ r o m  h y d r o g r a p h i c  s u r v e y  m a p s  i n  t h r e e  
s e c t i o n s  o f .  th~ b a y ,  a n d  t h e n  c a l c u l a t i n g  t h e  m a x i m u m  a n d  
. ·  
m i n i m u m .  v o l u m e s  d u r i n g  t h e  t i d a l  c y c l e .  T h e  t i d . a l  e x c h a n g e  
r a t i o  w a s  f o u n d  t o  b e  a p p r o x i m a t e l y  0 . 7 4 6  o r  7 4 . 6  p e r c e n t  o f  
t h e  w a t e r  w o u l d  b e  r e n e w e d  d u r i n g  e a c h  t i d a l  c y c l e .  T h i s  
s h o w s  a  t w e n t y - f i v e  p e r c e n t  r e s i d u a l  o f  w a t e r  l e f t  i n  t h e  
b a y  a t  m e a n  l o w  t i d e .  
H y d r o l o g y ,  S a l i n i t y ,  a n d  W a t e r  Q u a l i t y  
H y d r o l o g i c  f a c t o r s  c o n s i d e r e d  h e r e  a r e  p r e c i p -
i t a t i o n  a n d  r u n o f f .  T h e s e  f a c t o r s  c o n t r o l  t h e  s a l i n i t y  
· v a l u e s ,  s e d i m e n t a t i o n  r a t e s ,  w a t e r  d e n s i t y ,  a n d  temper~ture, 
a s  w e l l  a s  o t h e r  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s .  P r e c i p i t a t i o n  
a m o u n t s  a r e  h i g h e s t  d u r i n g  t h e  w i n t e r  f o r  N e t a r t s  B a y .  
A  d o m i n a n t  i n f l u e n c e  d u r i n g  t h e  w i n t e r  i s  r u n o f f  a n d  t h e  
i m p a c t  o f  f r e s h  w a t e r  i n f l o w  t o  t h e  s y s t e m .  T h i s  r e l a t i o n -
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F i g u r e  1 1 .  C i r c u l a t i o n  w i t h i n  N e t a r t s  B a y  d u r i n g  
e b b  a n d  f l o o d  t i d e s .  ( D a t a  f r o m  G l a n z m a n , 1 9 7 1 ) .  
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e f f e c t  o f  ·causi~g a  s m a l l  tlushi~g a c t i o n  w i t h i n  t h e  b a y  
( Z i m m e r m a n  1 9 7 2 )  .  G l a n z m a n  ( 1 9 7 1 )  a n d  P e r c y  - ( 1 9 7 4 )  
h a v e  c a l c u l a t e d  m o n t h l y  f r e s h  w a t e r  i n f l o w - t o  N e t a r t s  b a s e d  
o n  p r e c i p i t a t i o n  r e c o r d s  a n d ·  d i f f e r e n t  w a t e r s h e d  s i z e  · ( 2 5 . 7  
a n d  2  2 .  5  s q u a r e  k i l o m e t e r s  r e s . p e c t i  v e l y )  •  : P e r c y  a l s o  b a s e d  
h i s  c a l c u l a t i o n s  o n  a n  e s t i m a t e d  a v e r a g e  a n n u a l  y i e l d  f o r  
t h e  n o r t h  c o a s t  b a s i n  o f  1 , 2 1 4  h e c t a r e  m e t e r s  p e r  k i l o m e t e r .  
N o r m a l  r u n o f f  v o l u m e s  w e r e  c a l c u l a t e d  f o r  t h e  N e t a r t s  B a y  
w a t e r s h e d  ( T a b l e  V I I )  .  
C o n d i t i o n s  o f  t i d a l  m i x  h a v e  a  d i r e c t  b e a r i n g  o n  
s a l i n i t y  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m .  A l t h o u g h  c o a s t a l  
n e a r s h o r e  s a l i n i t y  w a s  f o u n d  t o  v a r y  i n  t h e  N e t a r t s  a r e a ,  
s a l i n i t y  v a l u e s  r e m a i n  c l o s e  t o  t h o s e  i n  t h e  o p e n  o c e a n  
t h r o u g h o u t  t h e  y e a r  d u e  t o  l i m i t e d  f r e s h  w a t e r  i n f l o w  a n d  
t h e  w e l l - m i x e d  c o n d i t i o n  o f  t h e  e s t u a r y .  O c e a n  w a t e r s  
t y p i c a l l y  c o n t a i n ,  i n  t o t a l ,  a b o u t  3 5  p a r t s  o f  s a l t  p e r  
t h o u s a n d  p a r t s  o f  w a t e r  ( C l a r k  1 9 7 4 ) .  C o a s t a l  s p e c i e s  
h a v e  e v o l v e d  o v e r  t h e  y e a r s  i n  h a r m o n y  w i t h  t h e i r  
s a l i n i t y  e n v i r o n m e n t  a n d ,  d e p e n d i n g  o n  t h e  s p e c i e s  c a n  
t o l e r a t e  a  w i d e  o r  n a r r o w  r a n g e  o f  s a l i n i t i e s  t o  l i v e  a n d  
r e p r o d u c e  s u c c e s s f u l l y .  S a l i n i t y  m e a s u r e m e n t s  t a k e n  
o n  Netart~ B a y . w e r e  f o u n d  t o  b e  v a r i a b l e  w i t h  r e s p e c t  t o  
s e a s o n ,  t h e  h i g h e s t  o c c u r r i n g  i n  e a r l y  f a l l  a n d  l o w e s t  i n  
e a r l y . s p r i n g  ( T a b l e  V I I I ) .  T h e r e  a l s o  s e e m s  t o  b e  a ·  
p r o n o u n c e d  s a l i n i t y  g r a d i e n t  w i t h i n  t h e  b a y  d u r i n g  t h e  
w i n t e r  m o n t h s ,  a l t h o u g h  t h e  o v e r a l l  c h a r a c t e r i s t i c s  o f  t h e  

























































































































































































































































































































































































































































































































































































































































































































































































































































































b a y  a r e  w e l l - m i x e d .  V a r i a t i o n  i n  s a l i n i t y  w a s  r e c o r d e d  
w i t h i n  . t h e  b a y  w i t h  s a l i n i t y  v a l u e s  r a n g i n g  f r o m  1 3 . 9  p p t  
t o  3 0 . l  p p t .  S a l i n i t y  v a l u e s  w e r e  fo~nd t o  r i s e  f r o m  
3 3 . 2 5  p p t  a t  m i d - t i d e  · t o  3 3 . 4 5  p p t  a t  h i g h  s l a c k  a n d  th~n 
d r o p  t o  2 3 . 0 5  p p t  a t  l o w  t i d e .  
4 3  
S e d i m e n t a t i o n  · i s  o c c u r r i n g  w i t h i n  t h e  N e t a r t s  s y s t e m ,  
a s  i s  t h e  c a s e  i n  a l l  o t h e r .  e s t u a r i e s  a l o n g  t h e  O r e g o n  
c o a s t .  G l a n z m a n ,  e t  a l  ( 1 9 7 1 )  f o u n d  a  t e n  p e r c e n t  d e c r e a s e  
i n  b a y  v o l u m e  d u r i n g - a  t w e l v e - y e a r  t i m e  s p a n .  T h e s e  h i g h  
s e t t l e m e n t  r a t e s  r e f l e c t  r e d u c t i o n  o f  . c u r r . e n t  s t r e n g t h  a n d  
t h e  p r e s e n c e  o f  d e n s e  s t a n d s  o f  e e l g r a s s  a n d  s a l t m a r s h  w h i c h  
a c t  a s  s e d i m e n t  t r a p s .  W h e t h e r  t h i s  r a t e  o f  i n f i l l  h a s  
a c c e l e r a t e d ,  s t a b l i l i z e d ,  o r  d e c r e a s e d  w i t h i n  t h e  l a s t  
e i g h t  y e a r s  c a n n o t  b e  d e t e r m i n e d  u n t i l  s a m p l i n g  a n d  s e d i m e n t  
a n a l y s i s  i s  d o n e  f o r  a  n u m b e r  o f  w i n t e r  s e a s o n s .  
A n y  a m o u n t  o f  i n f i l l  c a n  c h a n g e  c i r c u l a t i o n  p a t t e r n s ,  
w a t e r  t e m p e r a t u r e  a n d  c l a r i t y ;  a n d  o x y g e n  c h a r a c t e r i s -
t i c s  o f  t h e  w a t e r .  S o m e  i n i t i a l  c a l c u l a t i o n s  h a v e  b e e n  
m a d e  t o  e s t i m a t e  t h e  q u a n t i t y  o f  s e d i m e n t s  t r a n s p o r t e d  f r o m  
t h e  w a t e r s h e d  b y  u s i n g  c o m p a r a t i v e  f i g u r e s  f r o m  o t h e r  s m a l l  
e s t u a r i n e  w a t e r s h e d s  a n d  h y d r o l o g i c  r u n o f f  d a t a  f r o m  
G l a n z m a n  e t  a l  ( 1 9 7 1 ) .  A l t h o u g h  t h e  s e d i m e n t  l o a d s  t r a n s p o r t -
e d  t o  t h e  N e t a r t s  s y s t e m  a r e  s m a l l e r  t h a n  t h e  c o m p a r a t i v e  
e s t u a r i e s ,  t h e  s h a l l o w  d e p t h  o~ t h e  b a y  c o u l d  m~gni~y 
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O t h e r  p a r a m e t e r s  o f  w a t e r  q u a l i t y  a r e  v e r y  i m p o r -
t a n t  t o  th~ f u n c t i o n  o f  t h e  e~tuary a n d  c a n  a f f e c t  h a b i t a t ,  
n u r s e r y ,  a n d  a n i m a l  b r e e d i n g  g r o u n d s  . . .  T e m p e r a t u r e ,  d i s s o l v e d  
o x y g e n ,  a n d  b i o c h e m i c a l  o x y g e n  d e m a n d  i n  t h e  p r e s e n c e  o f  
o t h e r  c h e m i c a l s  a r e  t h e  e s s e n t i a l  b u i l d i n g  b l o c k s  o f  t h e  
e s t u a r i n e  f o o d  c h a i n .  T h e  a m o u n t  o f  o x y g e n  i n  t h e  w a t e r s  
o f  t h e  b a y ,  f l u c t u a t e  w i t h  v a r i a t i o n s  i n  t e m p e r a t u r e  a n d  o t h e r  
f a c t o r s .  G l a n z m a n ,  e t  a l  ( 1 9 7 1 )  f o u n d  e x t r e m e l y  l o w  B O D  v a l u e s  
i n d i c a t i n g  t h e  s y s t e m  i s  u n p o l l u t e d  f r o m  o r g a n i c  m a t t e r .  
L o w e s t  b a y  w a t e r  t e m p e r a t u r e s  w e r e  f o u n d  i n  l a t e  w i n t e r  a n d  
t h e  h i g h e s t  i n  m i d  t o ·  l a t e  s u m m e r  ( s e e  T a b l e  V I I I )  .  
H y d r o g e n  i o n  c o n c e n t r a t i o n  m e a s u r e m e n t  a r e  i m p o r t a n t  
i n  e s t u a r i n e  w a t e r s  b e c a u s e  o f  t h e  m a n y  v i t a l  c h e m i c a l  
r e a c t i o n s  w h i c h  o c c u r .  W a t e r  w i l l  n o r m a l l y  b e  a c i d i c  i f  
H y d r o g e n  S u l f i d e  i s  p r o d u c e d  i n  a  s i t u a t i o n  o f  t y p i c a l  
a n a e r o b i c  c o n d i t i o n s .  T h e  S t a t e  D e p a r t m e n t  o f  E n v i r o n m e n t a l  
Q u a l i t y  d a t a  s h o w s  b e t w e e n  1 9 7 0  a n d  1 9 7 5  t h e  p H  o f  t h e  
w a t e r s  i n  N e t a r t s  r a n g e d  f r o m  7 . 8  t o  8 . 4 .  D i s s o l v e d  
o x y g e n  w a s  f o u n d  t o  a v e r a g e  s e v e n  m i l l i l i t e r s  o f  o x y g e n  t o  
o n e  l i t e r  o f  w a t e r .  T h e  s t a t e  r e c o g n i z e s  t h a t  N e t a r t s  B a y  i s  
n o t  o n l y  u n p o l l u t e d ,  b u t  h a s  a n  e x t r e m e l y  h i g h  w a t e r  q u a l i t y .  
B I O T I C  SYSTE~S O F  N E T A R T S  B A Y  
A l t h o u g h  s o m e  r e s e a r c h  h a s  b e e n  d o n e  o n  t h e  . z o o p l a n k t o n  
o f  N e t a r t s  b y  Z i m m e r m a n  ( 1 9 7 2 }  a n d · H u n g e r  · ( 1 9 6 6 ) ,  k n o w l e d g e  
c o n c e r n i n g  t h e  c r i t i c a l  b i o t i c  s y s t e m s  w i t h i n  t h e  b a y  i s  
f r a g m e n t a r y  a t  t h i s  t i m e .  P r o d u c t i v i t y  measur~ments 
w e r e  t a k e n  b y  Glanzm~n b u t  t h e  d a t a  w e r e  i n c o n c l u s i v e .  
I n  g e n e r a l ,  t h e  i m p o r t a n c e  o f  b i o t i c  p r o d u c t i v i t y  
c a n n o t  b e  o v e r  e m p h a s i z e d  f o r  t e m p e r a t e  z o n e  e s t u a r i e s  s u c h  
a s  N e t a r t s .  C h a r a c t e r i s t i c a l l y ,  e s t u a r i e s  t e n d  t o  b e  m o r e  
p r o d u c t i v e  t h a n  e i t h e r  t h e  s e a  o r  t h e i r  f r e s h  w a t e r  d r a i n a g e  
s y s t e m  ( O d u m  1 9 7 1 ) .  T h e  f o l l o w i n g  d i s c u s s i o n  w i l l  e x a m i n e  
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k n o w n  b i o l o g i c a l  f u n c t i o n s  o f  t e m p e r a t e  e s t u a r i e s  i n  g e n e r a l ,  
a n d  p o i n t  o u t  s a l i e n t  a s p e c t s  o f  t h e  N e t a r t s  b i o t a  w h e n  
a v a i l a b l e  f r o m  p r e v i o u s  r e s e a r c h .  
T h e  l i f e  s y s t e m  o f  a n  e s t u a r y  b e g i n s  w i t h  p l a n t '  l i f e :  
i n  N e t a r t s  c a s e ,  ~ignificant a r e a s  o f  e e l g r a s s  b e d s ,  
p h y t o p l a n k t o n ,  a n d  m a t u r e  m a r s h .  T h e  m a r s h e s  o f  N e t a r t s  
s e r v e  i m p o r t a n t  func~ions t o  t h e  b i o t i c  s y s t e m  o f  t h e  b a y .  
T h e y  t r a p  r i c h  s e d i m e n t s  f r o m  t h e  w a t e r s h e d ,  r e t a i n  n u t r i e n t s  
a n d  c h e m i c a l s  f o r  g r a d u a l  r e l e a s e ,  s u p p l i e s  o r g a n i c  d e t r i t u s ,  
a n d  p r o v i d e s  p r o d u c t i v e  h a b i t a t  f o r  a  l a r g e  n u m b e r  o f  
f i s h ,  b i r d s ,  a n d  m a m m a l s .  M i l n e  a n d  M i l n e  ( 1 9 5 1 )  h a v e  
docu~ented t h e  i m p o r t a n c e  o f  d e c a y e d  p l a n t s  f r o m  m a r s h e s  a s  
a  v i t a l  n u t r i e n t  e l e m e n t  i n  t h e  f o o d  c h a i n  o f  e s t u a r i e s .  
S t o u t  ( 1 9 7 5 )  d u r i n g  h e r  s t u d y  o f  e e l g r a s s  i n  N e t a r t s  
· a l s o  n o t e d  t h i s  i m p o r t a n t  f u n c t i o n .  T h e  i n t e r d e p e n d e n c e  o f  
b e n t h i c  c o m m u n i t i e s  o n  a v a i l a b l e  c a r b o n  f r o m  d e t r i t u s  a n d  
s e d i m e n t s  h a s  b e e n  s h o w n  f o r  t w e n t y  s p e c i e s  b y  W i l s o n  
( 1 9 7 5 ) .  
T h e  i m p o r t a n c e  o f  t h e  e e l g r a s s  " l a k e s "  i s  i n d i c a t e d  
b y  t h e  p r e s · e n c · e  o f  t h e  d e n s e ·  a g g r e g a t i o n s  o f  b " l u e  m u d  
s h r i m p  ( S t o u t  1 9 7 5 ) .  
R e s e a r c h  o n  b e n t h i c . i n v e r t e b r a t e  h a b i t a t  i n  N e t a r t s  
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w a s  d o n e  d u r i n g  t h e  s u m m e r  O f  1 9 J 5  b y  W i l s o n  e t  al~ T h e  
i n v e r t e b r a t e  a s s e m b l a g e s  f o u n d  i n  N e t a r t s  r a n g e  f r o m  
r e l a t i v e l y  ~table c o - o c c u r r i n g  s p e c i e s  · g r o u p s  t o  s h o r t - l i v e d  
a n d  l o o s e l y - l i v e a  ·aggreg~tions~ ~They a r e  ~ot clearly~defined 
e c o l o g i c a l  un1t~,:but r~fher g r a d a t i o n a l  i r i  n a t u r e  a d a p t i n g  
t o  t h e  h e t e r o g e n e i t y  o f  ' t h e  physica1·environ~ent. F a c t o r s  
f o u n d  t o  b e  o f · i m p o r t a n c e  i n  s p e c i e s  asse~blages w i t h i n  t h e  
~ay includ~ s a l i h i t y ,  s~diment s i z e ,  organi~ c6nt~nt o f  
t h e  s e d i m e n t s ,  a n d ·  t f d a l  n~·:tgh't. . . A ,  c l o s e .  r e l a t i o n s h i p  w a s  
f o u n d  oetwe~n ·sp~cie's · d i v e r s i t y  a n d  s e d i m e n t  g r a i n  s : i z e ,  
s e d i m e R t  h e t e r o : g e n e i t y ,  a n d  c u r r e n t s  w i t h i n  t h e  N e t a r t s  
,  I .  
s y s t e m .  S p e c i e  n u m b e r s  a r e  r e l a t i v e l y  l o w  a t  t h e  m o u t h  o f  
t h e  b a y ,  b u t  p e a k s  a n d  d ' e c l i n e s .  s l i g h t : l y  a t  t h e  h e a d  o f  t h e  
e s t u a r y .  C r o n i n  a n d  M a n s u e t i  ( 1 9 7 0 )  h a v e  a l s o  d e s c r i b e d  t h e  
a b u n d a n c e  o f  b e n t h o s  n e a r  t h e  c e n t e r  o f  e s t u a r i n e  s y s t e m s .  
Alt~ough s o m e  r e s e a r c h  o n  inve~ebrates h a v e  b e e r i  ~one; 
s e v e r a l  f a c t o r s '  s h o u l d  b e  p o i n t e d  o u t '  · : a s  " u n k n o w n s "  i n ·  
r e g a r d  { t o  t h e  b e n t h i c  c o m m u n i t i e s  o f  t h e  N e t a r t s  s y s t e m .  
T h e s e  a r e :  
( a )  T h e  d i f f i c u l t y  i n  q u a n t i f y i n g  b i o l o g i c a l  i n t e r -
a c t i o n s  s u c h  a s  i n t e r  a n d  i n t r a  s p e c i f i c  c o m p e t i -
t i o n  f o r  s p a c e  a n d  t h e  s p a t i a l  s e p a r a t i o n  o f  
deposit and suspension feeders are very difficult 
to quantify. 
(b) The incomplete analysis of distribution patterns; 
those described in 1975 are only for the summer 
months of the sampling program. It is concluded 
that surface sediment characteristics would be 
altered and animal distributions changed during 
the winter months because of high fresh water 
run-off and different sediment conditions. 
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In summary, the biotic systems of Netarts are partially 
known at best, but exhibit unique and important characteris-
tics which are useful in assessing human impacts. A rough 
food web can be illustrated which serves as·a link between 
the physical and biotic components (Fig. 12). This relation-
ship between the physical and ·biological environment 
is important. Bella (1973) proposes that the ,estuarine 
planner consider that biological features of the system be 
superimposed upon the the mix of physical-chemical features 
of that system. This is helpful since particular biologic 




















B~ Reduced Organics 
C. Biotoxins 
Figure 12. Sediment food web, Netarts Bay 
(after Glanzman, 1971) • 
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C H A P T E R  I V  
C R I T I C A L  E N V I R O N M E N T A L  F A C T O R S  W I T H I N  T H E  S Y S T E M  
I t  i s  n e c e s s a r y  a t  t h i s  p o i n t  t o  i d e n t i f y  t h e  p h y s i c a l  
a n d  b i o t i c  f a c t o r s  o f  t h e  N e t a r t s  e s t u a r i n e  s y s t e m  w h i c h  
w o u l d ,  i f  a l t e r e d  o r  e l i m i n a t e d  c a u s e  i r r e v e r s i b l e  c h a n g e s  
i n  t h e  f u n c t i o n s  a n d  s t a b i l i t y  o f  t h e  s y s t e m .  T h e  p r e v i o u s  
c h a p - t : : e r  h a s  d e s c r i b e d  " k n o w n "  p h y s i c a l  a n . a  b i o l o g i c a l  
p r o p e r t i e s  a n d  c h a r a c t e r i s t i c s  o f  t 9 e  e s t u a r y  . .  T h e  f a c t o r s ,  
o r  e n v i r o n m e n t a l  c o n d i t i o n s  w h i c h  p l a y  a  m a j o r  r o l e  i n ·  
e i t h e r  f o o d  p r o d u c t i o n  o r  i n f l u e n c e  h a b i t a t  c o n d i t i o n s  
w i t h i n  t h e  s y s t e m  s h o u l d  b e  i d e n t i f i e d  f o r  t w o  r e a s o n s :  
( a )  i t  i s  n e c e s s a r y  t o  r e c o g n i z e  t h e  b a s i c  f e a t u r e s  
o f  t h e  N e t a r t s  s y s t e m  w h i c h  s h o u l d  b e  p r o t e c t e d  
t o  p r e v e n t  s y s t e m  d e g r a d a t i o n  
( b )  a n  u l t i m a t e  g o a l  · o f  t h e  t h e " s i s  i i ;  ' t o  $ h o w  h o w  m a n  
h a s  a l t e r e d  t h e s e  p h y s i c a l  a n d  b t t i t l . o ( J i c a l  : f e a t u r e s  
o v e r  t i m e .  
I n  g e n e r a l ,  · h a b i t a t  t y p e s  a n d  c o n d i t i o n s  h a v e  b e e n  
s h o w n  t o  b e  c r i t i c a l  e n v i r o n m e n t a l  f a c t o r s  w i t h i n  t h e  ·  
N e t a r t s  s y s t e m .  C o n d i t i o n s  o f  t h e  e n v i r o n m e n t  p o s e  a s  
l i m i t i n g  f a c t o r s  t o  c r i t i c a l · h a b i t a t s .  F o r  e x a m p l e ,  
Z o s t e r a  ( e e l g r a s s )  b e d s  o c c u p y  f i f t y - f i v e  p e r c e n t  o f  t h e  
t i d a l  a r e a s .  T h e i r  p r o d u c t i v i t y  a n d  f u n c t i o n  h a v e  b e e n  
d e s c r i b e d  a s · a  p a r t  o f  t h e  b i o t i c  s y s t e m  o f  t h e  e s t u a r y .  
Th~ir r a t e  o f  p r o d u c t i v i t y  a n d  t o t a l  b i o m a s s  d e p e n d s  o n  
t i d a l  e l e v a t i o n  ( w h i c h  a f f e c t s  p l a n t  d e s s i c a t i o n ) ,  t y p e  o f  
s u b s t r a t e  ( s i l t y  s a n d ) ,  a n d  c u r r e n t  · v e l o c i t y  ( t o o  m u c h  
s c o u r i n g  l i m i t s  p l a n  p r o p a g a t i o n ) .  S i n c e  t h e  e x t e n t  o f  a n d  
p r o d u c t i v e  r a t e  o f  e e l g r a s s  i s  c o n s i d e r e d  a  c r i t i c a l  
e n v i r o n m e n t a l  f a c t o r  t o  t h e  system;~critical e n v i r o n m e n t  
f a c t o r s  a s  t i d a l  e l e v a t i o n ,  t y p e  o f .  s u b s t r a t e ,  a n d  c u r r e n t  
v e l o c i t i e s  a r e  a l s o  c r i t i c a l  e n v i r o n m e n t a l  f a c t o r s  s i n c e  
t h e y  i n f l u e n c e  t h e  e e l g r a s s  h a b i t a t  c o n d i t i o n .  T h e . m a r s h e s ,  
a n o t h e r  s o u r c e  o f  p r i m a r y  p r o d u c t i v i t y ,  a r e  c o n s i d e r e d  
c r i t i c a l  w i t h i n  t h e  N e t a r t s  s y s t e m .  T h e  s p e c i f i c  p l a n t  
a s s o c i a t i o n s  a n d  l o c a t i o n  d e p e n d s  o n  s o m e  o f  t h e  s a m e  
f a c t o r s  i m p o r t a n t  i n  m a i n t a i n i n g  t h i s  c r i t i c a l  h a b i t a t  t y p e ,  
n a m e l y  s u b s t r a t e  c h a r a c t e r i s t i c s ,  t i d a l  l e v e l ,  a n d  s a l i n i t y .  
T h e  l i m i t e d  a m o u n t  o f  e x i s t i n g  m a r s h  w i t h i n  t h e  s y s t e m  m a k e s  
t h i s  h a b i t a t  t y p e  a  k e y  f a c t o r .  
T h e  t i d a l  f l a t s ,  t h e  h a b i t a t  o f  t h e  b e n t h i c  i n v e r -
t e b r a t e s ,  p r o v i d e  n i c h e s  f o r  a  l a r g e  v a r i e t y  o f  s p e c i e s .  
T h e i r  a b u n d a n c e ,  d i s t r i b u t i o n ,  a n d  d i v e r s i t y  w e r e  f o u n d  t o  
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b e  d e p e n d e n t  o n  s e v e r a l  c r i t i c a l  e n v i r o n m e n t a l  a n d  b i o l o g i c a l  
f a c t o r s .  G r o t h a u s  a n d  W i l s o n .  ( 1 9 7 5 ,  p p s .  5 8 - 1 0 3 )  t e s t e d  
s a m p l e  d a t a  o f  b e n t h i c  i n v e r t e b r a t e s  w i t h  d i v e r s i t y  a n d  
s i m i l a r i t y  m e a s u r e s  a s  w e l l  a s  p r i n c i p a l  c o m p o n e n t s  a n a l y s i s  
t o  d e t e r m i n e  i f  d i s c r e t e  s p e c i e s  a s s e m b l a g e s  e x i s t e d  
· w i t h i n  t h e  b a y ' s  m a r i n e  b e n t h i c  c o m m u n i t y  a n q  i f  t h e  
p h y s i c a l  a n d  b i o l o g i c a l  v a r i a b l e s  c o r r e l a t e d  t o  t h e  d i s t r i b u -
t i o n s .  T h e  r e s u l t s  o f  t h e  a n a l y s i s  i d e n t i f i e s  c r i t i c a l  





( a )  p r i m a r y  e n v i r o n m e n t a l  v a r i a b l e s  a r e  s u b s t r a t e  
c h a r a c t e r i s t i c s ,  s a l i n i t y ,  a n d  t i d a l  l e v e l  
( b )  s u b s t r a t e  d e p t h  a n d  s e d i m e n t  s i z e  a r e  i m p o r t a n t  
t o  t h e  s i z e  o f  i n d i v i d u a l  s p e c i e s  w i t h i n  t h e  
c o m m u n i t y  a n d  t o  t h e  l e v e l  o f  o r g a n i c  m a t e r i a l  
a v a i l a b l e  f o r  c o n s u m p t i o n  
( c )  e e l g r a s s  b e d s  a n d  t h e i r  r e l a t e d  s u b s t r a t e d  
c o n d i t i o n s  s h o w  a  h i g h  i n d e x  o f  d i v e r s i t y  a n d  
a b u n d a n c e  o f  m a c r o - b e n t h i c  s p e c i e s .  
A g a i n ,  a s  i n  t h e  o t h e r  i m p o r t a n t  h a b i t a t  t y p e s ,  t h e  
b e n t h i c  i n v e r t e b r a t e s  r e q u i r e  s p e c i f i c  s u b s t r a t e  c o n d i t i o n s  
s u c h  a s  s e d i m e n t  s i z e  a n d  o r g a n i c  c o n t e n t ,  a s  w e l l  a s  
e e l g r a s s  b e d s  f o r  d i v e r s e  h a b i t a t  t y p e s  a n d  s e d i m e n t  t r a p s .  
T h e  c r i t i c a l  e n v i r o n m e n t a l  f a c t o r s  c a n  b e  s u m m a r i z e d  a s  m a i n  
h a b i t a t  t y p e s  a n d  c o n d i t i o n s  • .  T h e s e  a r e :  
( a )  e e l g r a s s  b e d s  
( b )  m a r s h e s  
( c )  s e d i m e n t  s i z e ,  d i s t r i b u t i o n ,  a n d  o r g a n i c  c o n t e n t  
( d )  t i d a l  l e v e l  a n d  c u r r e n t  v e l o c i t y  
( e )  s a l i n i t y "  r a n g e  
I t  m u s t  b e  s t r e s s e d  t h a t  e x i s t i n g  u n i d e n t i f i e d  b i o l o g i c a l  
· a n d  p h y s i c a l  p r o c e s s e s  c a n  b e  o f  m o r e  i m p o r t a n c e  t h a n  t h e  
· " i d e n t i f i a b l e "  f a c t o r s .  I t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h i s  
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f a c t ,  e s p e c i a l l y  w h e n  d i s c u s s i n g  e s t u a r i e s .  T h e s e  i d e n t i f i e d  
f a c t o r s  c a n  b e  d i a g r a m m e d  a n d  w i l l  r e c e i v e  f u r t h e r  a t t e n t i o n  
i n  t h i s  c h a p t e r  a s  a n  e x a m i n a t i o n  i s  g i v e n  t o  h o w  m a n  h a s  
a l t e r e d  s o m e  o r  a l l  o f  t h e s e  c r i t i c a l  e l e m e n t s  ( F i g .  1 3 ) .  














































































































































































































































































HUMAN IMPACT ON THE NETARTS SYSTEM 
METHODS 
Human occupancy of the Netarts Bay area infers utiliza-
tion of basic resources and, thus, a modification of the 
resource base and environmental qonditions of the estuary. 
One cannot fully understand the sequence of events unless 
research is done on the historical as well as the active 
current forces. Man is as much as part of the ·Netarts 
system as the physical elements. In order to identify this 
historic role, early· manuscript data were collected from the 
Oregon Historical Society collection, especially that 
relating to observed or actual utilization of natural 
resources in and around Net~rts Bay. Land deed research 
from the files of the Pioneer National Title and Trust 
Company in Tillamook provided data for plotting land 
use settlement patterns for the pre-1800 era. U~fortunately, 
early U.S .. Coast and Geodetic Survey maps were not available 
for Netarts, but Bureau of Land Management maps dating back 
to the mid-1800's showed cultural patterns and settlement 
routes. Personal interviews of Netarts pioneer citizens who 
lived at Netarts and in the Netarts area since the turn of 
the century were invaluable. These interviews were supplemen-
ted by field work and mapping of early resource use activity 
along the shoreline. Early photographs, when available, showed 
·1 
I 
land use activities and the early physical ge~graphy of 
Netarts. 
It was necessary to stereoscopically examine aerial 
photos to compare the natural and cultural features of .the 
shoreline and watershed. Flights for the Netarts area were 
available for the years, 1939, 1962, and 1974. After 
·features were identified, areas of the shoreline were 
planimetered for aerial comparison. This was especially 
helpful for determining residential and recreational land 
use impacts and cha~ges in the marshes and the sandspit. 
Field surveys of resident~al clearing and construction, as 
well as subdivision plat maps and building permit records 
provided ground truth confirmation of residential and 
related activity. The watershed was considered a primary 
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link to the system and methods were developed to measure the 
extent of logging activity. The Crown Zellerbach Tillamook 
office provided vegetation and clear cut maps dating back 
·to the early 1900's. The watershed areas were categorized 
by time periods and planimetered for total area cut. 
Dominant vegetation types were noted for the logged areas. 
In this manner,. a chronology of logging activity was devel-
oped for the entire watershed. 
Methods of analisis were strongly dependent on the 
current level of knowledge of the bay as a system. Defining 
the critical environmental factors within the system 
required synthesis of physical and biological studies of· 
Netarts Bay, as well as supplemental research on factors 
found to be critical in other es·tuarine sy·stems. 
INDIAN SETTLEMENT ·AND RESOURCE USE 
Indians.were migrati~g thro~gh the Netarts Bay area as 
early as 1400 A.D. and were present when the white settlers 
arrived in the mid-19th century. The name Netarts is of 
Indian origin from Ne1 ta1 at(meaning "near the water" 
(Tillamook Memories,. Tillamook County Pioneer.Association, 
1972). Indian encampments have been found both on the 
spit and along the·western margin of the bay. Newman 
(1959) during his investigations of Indian sites and middens 
on the sandspit found.evidence of flora and fauna utilized 
by the Tndians. This documented evidence shows a variety 
of resources present in the Netarts. area at a very early 
time (Tables X and XI). The Indians occupied two main 
57 
areas along the bay; an extensive village within the trough 
of the main dune on the sandspit in a small spruce forest 
and along the east side of the bay at what is·now called 
"Wilson Beach". Personal investigation of the extensive 
shell middens on the northern third of the spit uncovered 
large mammal bones, native oyster shells, and five, possibly 
six different species of clams. Predominant species 
utilized were cockrel and mud. Others include gaper, quahog, 
butter~ and littleneck. 
TABLE X 
FLORAL SPECIES IDENTIFIED AS FOOD 
SOURCES FOR THE INDIAN ON THE NETARTS· 
SANDSPIT 
Area of Spit and Species Name 












































TABLE X Continued 
Area of Spit and Species Name 
Lupinus littoralis 
(dune lupine) 
Poa conf inis 
(dune blue grass) 
Solidago spathulata 
(goldenrod) 

































Source: Newman, Thomas (1959), Tillamook 
Prehistory and its Relationship 
to the Northwest Coastal Area, 
PhD. Thesis, p. 75. 
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TABLE XI 
IDENTIFICATION OF FAUNAL REMAINS FROM 





Lu tr a 
Phoca 





Stellar sea lion 








(bird and fish bone not specifically 
identified) 
Source: Newman (1959) 
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EARLY EUROPEAN SETTLEMENT AND RESOURCE USE: 1805-1950 
Before ·se·ttlers came ·to Netarts Bay in any significant 
numbers,.the ·area was surveyed by the ·u.s. Government and 
traversed by explorers. The survey job was rugged, difficult, 
and sometimes thankless·. Samuel D. Snowden surveyed the 
Tillamook area includi~g Netarts Bay·between 1857 and 1858. 
Warren Vaughn ·(1905, Book No. III) wrote about Snowden's 
difficulties: 
••. Mr. Snowden meandered near·1y all the tide sloughs 
tidelands, but when the government sent their agent 
out to look after the survey, he would not accept 
Snowden's meanderings of the tide slough and some of 
the rivers and threw out a considerable amount of his 
surveys ... and had to sell some of his donation· land 
claim to pay the survey crew. 
After the Netarts area was surveyed, a primary impetus for 
settlement was afforded by the Donation Land Law of 1850 
and the Federal Homestead Act of 1862 which provided 
settlers with up to 320 acres of land. Settlement first 
occurred in Clatsop County, north of Tillamook and in the 
interior of Willamette Valley. Infertile soil and summer 
drought in the North Coast area encouraged settlers to move 
southward into the Tillamook and Netarts areas. Dickens 
(1971}, reports that the settlers utilized Indian routes by 
canoe, horse, and back packing. Settlers from the Willamette 
Valley came across the Coast Range following Upper Yamhill 
River drainage basin, then the Nestucca River up through 
Netarts to Tillamook Bay. The Indians ferried the 
settlers across the mouth of Netarts Bay to the spit where 
a trail took them south along the ocean and over Cape 
Lookout {Fig. 14). The present developed area -0f Netarts 
was passed over for the fertile, extensive flood plains of 
Tillamook Bay until the early 1860's. Three or four claims 
were recorded on Netarts in the fall of '63 {Vaughn, 1905, 
Book III). Tim Goodale built the first house in 1867 or 
1868. A Mr. Jones lived at the head (south end) of the bay 
and harvested oysters. 
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Deed research on original Donation Land Claims for the 
Netarts area showed extensive settlement including tideland, 
shoreline, and upland areas. Prior to 1880, only five 
settlers had officially filed on Donation Land Claims. 
Approximately one-half of all settlement before 1910 occurred 
between 1868 and 1890. Mildred Edner (1972) during an 
interview referred to both the Grimes and Hardman places, 
the latter located within the spruce forest on the spit 
(Table XII). The density of settlement in the Netarts area 
did not substantially increase from 1910 to 1950, but there 
was substantial impact on the study area due to land use. 
activity and alteration of both the shoreline resource 
quality and quantity. 
Changes in.the Resource Base 
The shoreline and tidal flat area of the Netarts 
estuary was a focal point for many early human use activities. 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NAMES OF.EARLY SETTLERS AND ACREAGES 
OF ORIGINAL LAND CLAIMS ALONG SHORELINE 
64 
Date Claim 
Name Section No. Acreage Filed 
Wiley 18 @ 19 {on spit) 69 
Grimes 18 {on spit) unknown 
Hardman 17 {on spit) 157 
1 
Frier 19 (spit) 28 
2 
Page 17 {on spit) 163 
Hardman 8 {mainland) 104 
McKormach 8 (mainland) 137 
Thompson 17 (tidelands) 37 
Leland 17 (tidelands) 37 
Austin 20 @ 21 158 
Morgan 20 150 
West 19 138 
Palmer 30 152 
Jackson 30 (spit @ mainland) 
1 
possibly a grazing claim 
2 
includes tidelands 
Source: Pioneer National Title and Trust Company 















Mildred Edner, presents a picture of a vast array of activ-
ities, most of which are associated with the settlers 
livelihood. Oystering was one of these early resource-
use activities. Netarts Bay had an abundance of native 
oysters. The oysters were for the taking; as early as 1868 
Claus Christiansen harvested native oysters in Netarts. It 
was reported that sloops would enter the bay to be loaded by 
the Indians when weather permitted for shipment to San 
Francisco. Alternate shipping was by 30-mule team pack 
trains to Tillamook. An early name for Netart's Bay was 
"Oyster Bay". A shanty town "Oysterville" sprang up at the 
head of the bay between 1880 and 1900 to house oyster 
shuckers (Tillamook Memories 1972). The demise of the 
native oyster was due to over-harvesting, mud strangulation 
from heavy runoff from the wat~rshed, and introduction of 
the larger more commercially acceptable Japanese oyster. 
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The Federal government restocked the native oyster beds and 
set a limit of two acres per person for commercial purposes. 
The Japanese oyster industry flourished between 1930 and 
1957, due to ideal environmental conditions for growth. 
Square (1972) indicates that in 1957, the Japanese Oyster 
drill (Ocenebra japonica) was accidentally introduced in the 
bay. This species preyed on the oysters until the bay was 
too infested and oystering was not economically feasible. 
The oyster drill was also one of the reasons for the extinc-
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Historical utilization of tidal areas,1880-1940. 
Other human activities within the shoreline and tidal 
flat areas included shell fish processing, grazing of the 
marshes, recreational camps, and boat building. The Jackson 
family maintained a local razor claim industry at the mouth 
of Jackson Creek on the beach at the south end of the spit 
around 1900. Cattle were grazed on the spit and mature 
marshes in the late 1800's and early 1900's. Early recrea-
tional activity include an area which exists today, Happy 
Camp, just north of Netarts. Mrs. Edner (Tillamook Memories 
1972) documents that the settlers on the sandspit were in 
the dairy and tourist business. Some families ran cabins at 
H~ppy Camp. Boat building activities were stimulated by 
wrecking salvage operations in Netarts. Vaughn (Book III, 
1905, p. 188) reports that men engaged in building a 70-ton 
ship, The Brant of Tillamook around 1861. A two-masted boat, 
The Sea Lion was built around the turn of the century. 
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Diking and alteration of creek meander patterns occurred as 
early as 1900. A hand built dike in 1903 provided access to 
the southeast shore of the bay, and restricted tidal flushing 
of the marshes located along_ this area. During an interview 
with Lauren McKinley on March 1, 1973, it was reported that 
dikes were extensively built, as well as water gates to 
divert creek waters so various portions of the marsh would 
be accessible for haying and grazing. Remnants of water 
gates, roads, and fence lines can still be observed on the 
mature marsh along the southeast shore and to the head of 







































































































































Early logging in the upland and watershed has changed 
the resource base of the Netarts area. Primary impacts 
are evidenced by the demise of the Chum salmon runs in 
Whiskey Creek as well as other smaller streams which feed 
into th~ bay. From 1900 to 1950, thirty-one percent of the 
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total watershed area was logged. Trees were yarded out of 
the watershed by oxen and milled along the bayshore. In 
1917, a water-powered mill on Whiskey Creek was used to 
manufacture timber for tourist cottages and milled spruce for 
airplanes during World War I (Tillamook Memories 1972). 
Alteration of the physical and biological resources of 
the bay as of 1950, can be summarized as follows: 
(a) a change occurred in the vegetative composition 
of the watershed from spruce and hemlock to dense 
brush communities and Douglas fir stands because 
of forest fires 
(b) early logging activities destroyed the lar~~ Chum 
salmon runs in the small streams; especially in 
Whiskey Creek by spawn bed siltation and logging 
debris 
(c) diking of the marshes along the southeast shore 
and at the head of the bay, as well as creek 
diversion for grazing purpose altered the tidal 
flushing action within the marshes and· may have 
accelerated marsh succession and maturation 
(d) over-harvesting, heavy siltation, and introduction 
of the oyster drill led to the extinction of once 
profitable native oyster industry. 
7~ 
POST 1950 SETTLEMENT AND IMPACTS ON THE NETARTS SYSTEM 
Impacts of land use activities become more visible and 
quantifiable since 1950. They can be generally categorized 
into three groups; logging and road construction in the 
watershed, road construction along the east side of the bay 
with development of the county Boat Facility, Cape Lookout 
State Park, other recreational activities, and residential 
development in the uplands and marine terrace. 
Critical environmental factor of the Netarts system was 
identified earlier as main habitat types and conditions. 
Clark (1974} uses the term~:vital areas" and "transient 
vital areas" to describe components of an estuarine ecosystem 
of great importance to certain species or to the functioning 
of the entire ecosystem. The five critical environmental 
factors discussed earlier in the chapter can be considered 
both vital and transient-vital areas. For example, the 
location of the marshes and elegrass beds are relatively 
fixed; whe~eas characteristics of sediment distribution and 
size fluctuate during the winter and summer seasons. The 
impact of these three groups of land use activities on these 
vital areas will now be discussed. 
Logging and Related Road Construction in the Watershed 
The Crown Zellerbach Corporation bought the extensive 
timber holdings in the watershed from Crown Willarnete Lumber 
Company in 1923. Since that time, essentially all old 
growth timber has been clear cut and partially replanted. 
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It is assumed, as is_ the case in other Oregon estuaries, 
that this activity has accelerated the rate of sedimentation 
within the bay. Johannessen {1961Y found the process of 
filling of Orgeon estuaries accelerated after the coming of 
the Europeans. Studies by Jefferson {1974), Johannessen 
{1961), and Eilers {1973) show a strong relationhship 
between types and quantity of sediment deposited and the 
rate of marsh progradation in a given estuary. It is 
believed that increased logging in the Netarts watershed has 
contributed to significant marsh progradation in some areas, 
as well as causing a decrease in the total bay water volume 
(reduction of the tidal prism). In order to explore this 
further, maps depicting vegetative clear cuts were measured 
with a polar planimeter and acreage recorded. The data 
shows that approximately seventy percent of the total 
watershed was clear cut between 1950 and 1975 {Fig. 18 and 
Table XIII). To further explore the possibility of high 
levels of bay sedimentation, marsh acreage was measured from 
aerial photbs for two time periods~ 1939-1962 and 1962-19J4, 
1939 being the earliest available aerial photo of the bay. · 
Also, the tidal wetland type· was subdivided into four 
different marsh communities based on species composition 
·described earlier. All marsh areas were found to be 
prograding, but at different rates according to the type of 
marsh examined. ·The low sand marsh showed 18.8 percent 












E2Z2:J Picea sitchensis 
(::::;:;:;:;:::::) Tsuga heterophylla 
Figure 18. · C~ronology of logging and existing 


























































































































































































































































































due to the breaching of the spit in 1939 and consequent sand 
deposition on silt sediments and not due to heayy siltation 
from the watershed since the marsh type is established on a 
sand substrate. Other marsh types show lesser amounts of 
progradation. A decrease in marsh type was not observed for 
the period 1939-1962 (Table XIV)~Jefferson (1973) and 
Johannessen (1961) note that the presence of low silty marsh 
type can be seen from aerial photos as circular islands of 
plants and depict areas where marsh margin is advancing into 
the tidal flat. Netarts Bay tidal flats show a very small 
amount of this marsh type. Overall, the 1939-1962 time 
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period experienced the greatest amount of marsh progradation, 
pointing to the fact that the relatively large amount of 
progradation in the sedge type marsh represents the succession 
of former low, silty marsh to sedge type during earlier 
times. 
It was previously assumed the increase in logging 
activity in the watershed (over 70 percent of the total area 
was logged between 1950-1975) would correlate with an 
increase in sedimentation and, thus, marsh progradation for 
this time period. Data shows that, at least for the period 
1962-1974 this was not the case. Either the sedimentation 
rate was slower or other environmental factors are responsible 














































































































































































































































































rate of marsh progradation between 1939-1962; especially the 
sedge and immature marsh on,·the eastern edge of the bay 
could be due to the earlier impacts of burning in the 
watershed. It is possible as the brush communities estab-
lished themselves, the sedimentation rate decreased. It is 
probable that burning played a more prominent role in 
bay sedimentation than logging. 
77 
Another factor examined was the impact that sedimentation 
has had on the total bay water volume. The best historical 
data available was collected by Glanzman, et al (1971) 
who found a ten percent decrease in total bay volume 
as measured from cross sectional areas between 1957 and 
1969. Graphed data were compared to determine if there was 
a correlation between location within the bay and variation 
of bay volume. The volume was· found to vary according to 
the location of the cross sectional area measured (Table 
XV). With the exception of the area at the mouth of the 
bay, there was a progressively larger decrease in water 
volume from nort~ to south, the largest, a 10.9 percent 
decrease at the mouth of Whiskey Creek. The total volume of 
the bay has an important relationship to both tidal levels 
and flushing action which act as environmental limitations 
to eelgrass growth at +1.0 tidal level. Approximately 
one-half (48 percent) of the eelgrass beds in the bay grow 
in shallow water. Any further reduction in bay water volume 





























































































































































































































































































































































































































increased probablility of plant dessication. This is especially 
true in the Whiskey Creek area. 
Impacts related to logging and related road construction 
can be summarized as follows: 
(1) The data indicates the marshes are prograding, 
but at varying rates according to marsh type and 
time periods analyzed; rapid between 1939-1962 
and much slower between 1962-1974. 
(2) Total bay water volume is decreasing at differing 
rates depending on location and could adversely 
effect eelgrass growth in the Whiskey Creek 
area. 
(3) Data is inconclusive, but the decrease in bay 
water volume may have increased tidal velocities 
and inhibited marsh growth in the bay from 
1962-1974. 
It must be noted that data on bay sedimentat~on are 
inconclusive at this time. Accurate sediment measurements 
are needed for a long time period covering all seasons in 
order to predict and give an accurate account of marsh 
growth within the bay. 
Filling and Jetty Construction for Recreational and Residential Use 
Other types of land use activities which have altered 
or influenced the Netarts Bay sys~em can be directly associa-
ted with the attractiveness of the area as a ·location for 
recreational and residential facilities and homesites. 
Recreational development s~gnif icantly influencing the 
system includes the filling and construction of the county 
boat facility near the Schooner Cafe just. south of the town, 
the road construction and paving of the bayshore road, and 
the clearing of land and residential development along the 
marine terrace. Prior to 1911, portions of the bayshore 
south of Whiskey Creek were diked and rip-rapped so the area 
would be accessible to cattle and farming. A dirt road was 
built in the late 30's along the southeast shore of the 
80 
bay. In 1953, Cape Lookout State Park was established when 
the Cape and adjoining lands were deeded to the state from 
the Hill Family Foundation. This precipitated road construc-
tion along the east shore of the bay, as well as inland. It 
was also during this time the county boat facility and jetty 
system was constructed on the northeast side of the bay 
south of the town of Netarts. Both road construction and 
the opening of Cape Loo~out State Park were primary incentives 
for residential development in the Netarts Bay area. As of 
1975, the fill areas, including the boat basin totaled 12.23 
hectares; much of this comprising the fill. used for a 
parking lot. Undoubtedly, an economic asset to the community, 
the new roads and access points to the bay system have also 
put more pressure on the shell and fin fisheries, constricted 
tidal flow within the bay, and increased sedimentation 
within marsh inlet areas. The fill itself, especially the 
81 
the parking lot has covered and depleted Gaper clam habitat 
along the eastern shore. 
The basin and jetty system for boating has caused a 
significant change in the morphology of the. end of the 
sandspit. Comparison of 1939 and 1962 aerial photos shows a 
'\ 
decrease in total hectares of the end of the spit from 90.9 
hectares in 1939 to 84.9 hectares in 1962: a decrease of 
approximately nine percent. This alteration is primarily 
due to dredging of the basin and the placement of two small 
jetties which caused a realignment of the adjacent channel 
westward eroding the end of the spit (Fig. 19) •. 
Residential development and associated filling has 
occurred along the bayshore and marine terrace area principally 
since 1900 when the town of Netarts was platted. Developed 
areas within the town of Netaits were measured by planimeter 
from early aerial photos. Copies of early subdivision 
plats, as well as building permit statistics were compiled 
from the Tillamook County Planning Office. The largest 
amount of growth in the Netarts area occurred between 
1956-1975 (38.0 hectares). Another period of increased 
growth was during 1900-1942. Careful.site planning is 
needed because of extremely unstable_ soil conditions along 
the east side of the bay. 
Preservation of tidal marsh is also important. For 
example, a large subdivision established in the early 











































































































































marsh was diked and thus, destroyed. It now serves the 
residents with ·a flooded area in winter and a ·semi-dry swamp 
in summer (Fig. 20} . 
As sh~wn by the ·changes· in the 'spit· shoreline, res- · 
idential land use and related developments can alter tidal 
currents and velocities. A change in sediment conditions 
can also be expected includi~g sediment het~r·p·gene~·:ty 
and organic content, factors which are considered critical 
or vital for benthic species diversity within the Netarts 
system. Personal communications with George Smith, Tillamook 
County Soil Conserv~tion Service agent discloses increasing 
erosion along the county road which presently requires, 
extensive maintenance with rip-rap. It is assumed this 
increase in shoreline erosion has caused an alteration of 
~ottom sediment composition in the.bay. The cause of this 
increased erosion is undoubtedly due to constriction of the 
original tidal surge plain area (the marsh inlets along the 
shore). Further filling could upset the existing sedimenta-
tion processes that give the species assembl~ges their . 
variability •. Natural phenomena have also altered the bottom 
sediment facies. In 1939, the spit was breached about three 
miles. north of Cape Lookout Park. Sand was distributed over 
a large area on the east side of the spit. The spit was 
planted with European beach grass in the early 1950's and 












































































A l t e r a t i o n s  o f  t h e  N e t a r t s  s y s t e m  t h a t  c a n  b e  r e l a t e d  
t o  r e s i d e n t i a l  a n d  r e c r e a t i o n a l  l a n d  u s e  c a n  b e  s u m m a r i z e d  
a s  f o l l o w s :  
a s -
( 1 )  R o a d  f i l l  a n d  c o n s t r u c t i o n  h a v e  d e s t r o y e d  G a p e r  
c l a m  b e d s  a l o n g  t h e  e s t e r n  s h o r e  o f  t h e  b a y  a~ 
w e l l  a s  c a u s i n g  i n c r e a s e d  e r o s i o n  o f  t h e  s h o r e l i n e  
d u e  t o  t h e  c o n s t r i c t i o n  o f  m a r s h  f l o o d  a r e a s .  
( 2 )  T h e  d e v e l o p m e n t  o f  t h e  c o u n t y  b o a t  b a s i n  a n d  
p a r k i n g  f a c i l i t y  h a v e  c a u s e d  a n  i n c r e a s e  i n  
e r o s i o n  o f  t h e  s p i t  h e a d  a n d  a  c h a n g e  i n  t h e  m a i n  
c h a n n e l ,  d u · e .  t o  d r e d g i n g  a n d  j e t t y  c o n s t r u c t i o n .  
I t  a l s o  h a s  d e s t r o y e d  c l a m  b e d s  •  
.  ( 3 )  R e s i d e n t i a l  d e v e l o p m e n t  h a s  a c c e l e r a t e d  s h o r e l i n e  
e r o s i o n  a n d  h a s  d e s t r o y e d  m a r s h  i n l e t s  i n  t h e  
Y e a g e r  C r e e k  a r e a .  
( 4 )  A l l  f u t u r e  d e v e l o p m e n t  c a n  u l t i m a t e l y  a l t e r  
e x i s t i n g  s e d i m e n t  p r o c e s s e s  a n d  t h r e a t e n  b e n t h i c  
s p e c i e s  d i v e r s i t y .  
D a t a  a r e  s t i l l  i n c o m p l e t e ,  e s p e c i a l l y  i n  r e g a r d  t o  
i m p a c t s  f r o m  r e s i d e n t i a l  a n d  r e c r e a t i o n a l  l a n d  u s e  a c t i v i t y .  
T h e  f a c t o r  o f  e r o s i o n  a n d  t o  w h a t  e x t e n t  s h o r e l i n e  e r o s i o n  
c o n t r i b u t e s  t o  t h e  s e d i m e n t a t i o n  p r o c e s s  i s  c r u c i a l  i n  
u n d e r s t a n d i n g  t h e  i m p a c t  o f  l a n d  c l e a r i n g .  T h i s  i n f o r m a t i o n  
w o u l d  b e  v a l u a b l e  i n  p l a n n i n g  i n t e n s i t y  o f  d e v e l o p m e n t  
w i t h i n  t h e  s y s t e m .  
C H A P T E R  V I  
C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S  
C O N C L U S I O N S  
T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  w h a t  a r e  
t h e  c r i t i c a l  e n v i r b n m e n t a l  f a c t o r s  o f  t h e  N e t a r t s  e s t u a r y  
a n d  i f  o n e  c a n  d e t e r m i n e  w h a t  a l t e r a t i o n s  a n d  i m p a c t s  h a v e  
o c c u r r e d  o n  t h e s e  f a c t o r s  b y  u s i n g  a n  " h i s t o r i c - a n a l y t i c "  
a p p r o a c h .  A l t h o u g h  p h y s i c a l  a n d  b i o l o g i c  d a t a  a r e  i n c o m p l e t e ,  
i t  i s  p o s s i b l e  t o  t e n t a t i v e l y  i d e n t i f y  t h o s e  f a c t o r s  i m p o r t a n t  
t o  t h e  s y s t e m  a s  a  w h o l e .  T h i s  w a s  p o s s i b l e  o n l y  a f t e r  a n  
i n t e n s i v e  p h y s i c a l  a n d  c u l t u r a l  b a s e l i n e  s t u d y  o n  t h e  
N e t a r t s  a r e a  i n  t h e  s u m m e r  o f  1 9 7 5  a n d  d e t a i l e d  e n g i n e e r i n g  
c o m p l e t e d  o n  t h e  h y d r o l o g y  a n d  f l u s h i n g  c h a r a c t e r i s t i c s  o f  
N e t a r t s  B a y  i n  1 9 6 9 - 1 9 7 0 .  I t _ i s  n o t e w o r t h y  t h a t  o n l y  a f t e r  
a l l  o f  t h e s e  d a t a  w e r e  c o m p i l e d  a n d  s y n t h e s i z e d  w a s  i t  
p o s s i b l e  t o  m a k e  r e f e r e n c e  t o  t h e  c r i t i c a l  e n v i r o n m e n t a l  
f a c t o r s  d u e  t o  t h e  h i g h l y  c o u p l e d  n a t u r e  o f  t h e  s y s t e m .  
N e t a r t s  B a y  i s  r e l a t i v e l y  p r i s t i n e  i n  c o m p a r i s o n  w i t h  o t h e r  
O r e g o n  e s t u a r i e s  i n  t e r m s  o f  t h e  n a t u r a l  v e r s u s  t h e  m a n - a l t e r e d  
c o n d i t i o n .  I t  i s  c o n c l u d e d  t h a t  m o r e  k n o w l e d g e  i s  n e e d e d  o n  
t h e  c o m p l e x  s y s t e m s  o f  m a r s h  g r o w t h  a n d  i t s  r e l a t i o n s h i p  t o  
s e d i m e n t a t i o n .  N e t a r t s  B a y  c o u l d  s e r v e  a s  a  m a r i n e  s a n c t u a r y  
f o r  s t u d y  p u r p o s e s  i f  d e v e l o p m e n t  c o u l d  b e  r e s t r i c t e d  i n  t h e  
u p l a n d s  a n d  t h e  t e r r a c e  a r e a s .  I t  i s  d i f f i c u l t  t o  a s s e s s  
t h e  m a g n i t u d e  o f  i m p a c t  o n  s y s t e m  c o n d i t i o n s  f r o m  m a n ' s  
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a c t i v i t i e s  o n  a n  e s t u a r y  s u c h  a s  N e t a r t s  B a y ,  e s p e c i a l l y  
f r o m  t h e  h i s t o r i c a l  r e c o r d ,  a l t h o u g h  i n d i c a t i o n s  o f  t h e s e  
c h a n g e s  c a n  b e  s e e n  f r o m  c o m p a r a t i v e  a e r i a l  p h o t o s  a n d  
e n g i n e e r i n g  s t u d i e s .  D i s c e r n i b l e  c h a n g e s  i n  t h e  N e t a r t s  
s y s t e m  h a v e  a n d  a r e  p r e s e n t L y  o c c u r r i n g  i n  t h e  m a r s h e s  a n d  
s p i t  a r e a s  o f  t h e  s h o r e l i n e .  I n f e r e n c e s  h a v e  b e e n  m a d e  
c o n c e r n i n g  s e d i m e n t a t i o n  p r o c e s s e s  a n d  c u r r e n t  v e l o c i t i e s .  
U n f o r t u n a t e l y ,  a  s e d i m e n t a t i o n  s t u d y  s p a n n i n g  ~everal y e a r s  
i s  n e e d e d  b e f o r e  a n  a n a l y s i s  o f  l a n d  u s e  i m p a c t  c o u l d · b e  
u n d e r t a k e n .  T h e  N e t a r t s  s y s t e m ,  w i t h  i t s \  v a r i a t i o n  i n ·  
s h o r e l i n e  a n d  w a t e r s h e d  w o u l d  b e  a  v a l u a b l e  a r e a  f o r  s p e c i f i c  
s e d i m e n t a t i o n  s t u d i e s  w h i c h  c o u l d  b e  c o r r e l a t e d  w i t h  d i v e r s e  
l a n d  u s e s  a n d  r a n g e s  o f  i n t e n s i t y  o f  s h o r e l i n e  u s e .  M o r e  
s t u d y  i s  a l s o  n e e d e d  o n  b e n t h i c  s p e c i e s  a s s e m b l a g e s  d u r i n g  
t h e  w i n t e r  m o n t h s ,  e s p e c i a l l y . s i n c e  t h e s e  a s s e m b l a g e s  a r e  
s t r o n g l y  c o r r e l a t e d  w i t h  s e d i m e n t  h e t e r g e n e i t y  a n d  o r g a n i c  
c a r b o n  c o n t e n t .  I t  i s  c o n c l u d e d  t h a t  i t  i s  n e c e s s a r y  t o  
i s o l a t e  t h o s e  n a t u r a l l y - o c c u r r i n g  c h a n g e s  w h i c h  a r e  i m p o r t a n t  
t o  t h e  s y s t e m  f r . o m  t h o s e  t h a t  a r e  m a n - c a u s e d  s o  o n e  c a n  
a d e q u a t e l y  d e t e r m i n e  t o  w h a t  e x t e n t  m a n  h a s  i n f l u e n c e d  
n a t u r a l  c o n d i t i o n s .  A c c e l e r a t e d  m a r s h  p r o g r a d a t i o n  s e e m s  t o  
i n d i c a t e  i n t e r f e r e n c e  i n  N e t a r t s ,  a s  w e l l  a s  a c c e l e r a t e d  
e r o s i o n  o f  t h e  s p i t .  T h e  d e c r e a s e  i n  t o t a l  b a y  w a t e r  v o l u m e  
i n d i c a t e s  a n  i n c r e a s e  i n  s e d i m e n t  l o a d  t r a n s p o r t  f r o m  t h e  
s p i t ,  w a t e r s h e d ,  o r  s h o r e l i n e .  V a r i a t i o n  i n  d e p o s i t i o n a l  
c h a r a c t e r i s t i c s  i s  d e p e n d e n t  o n  t h e  b a y  c o n f i g u r a t i o n .  
I t  i s  n o t  k n o w n  w h e t h e r  t h i s  d e c r e a s e  i n  v o l u m e  i s  d u e  t o  
n a t u r a l  o r  c u l t u r a l  f a c t o r s .  
R E C O M M E N D A T I O N S  
A l t h o u g h  r e s e a r c h  o n  b o t h  h i s t o r i c a l  a n d  c u r r e n t  
e v e n t s  o n  e s t u a r i n e  a r e a s  a r e  i n t e r e s t i n g  f o r  t h e i r  o w n  
a s '  
s a k e ,  i t  b e c o m e s  v a l u a b l e  o n l y  w h e n  i t  c a n  b e  u s e d  a s  a  t o o l  
f o r  m a k i n g  r a t i o n a l  d e c i s i o n s  r e l a t e d  t o  l a n d  a n d  w a t e r  u s e .  
S i n c e  t h e  M c H a r g  e r a ,  r e s o u r c e  a n d  o t h e r  l a n d  u s e  p l a n n e r s  
h a v e  g r a p p l e d  w i t h  t h e  p r o b l e m  o f  e n v i r o n m e n t a l  d a t a  s y n t h e s i s  
a n d  t h e  m o d e l i n g  o f  e n v i r o n m e n t a l  s y s t e m s .  T h e  h y p o t h e s i s  
w a s  t h a t  i t  w a s  i m p o r t a n t  t o  i s o l a t e  t h o s e  v a r i a b l e s  i m p o r t a n t  
t o  t h e  s y s t e m  a s  a  w h o l e .  A  q u e s t i o n  s t i l l  e x i s t s  f o r  
r e s o u r c e  m a n a g e r s ;  i f  w e  m a n a g e  o n e  r e s o u r c e  w h a t  e f f e c t  
d o e s  t h i s  h a v e  o n  t h e  f o o d  c h a i n ?  T h e r e  h a v e  b e e n  n u m e r o u s  
m e t h o d o l o g i e s  pro~osed t o  a s s e s s  i m p a c t s  o n  v a r i o u s  e n v i r o n -
m e n t a l  c o n d i t i o n s  b y  m a n ' s  a c t i v i t i e s  i n  e s t u a r i n e  a r e a s .  
T h e  N a t i o n a l  E n v i r o n m e n t a l  P o l i c y  A c t  o f  1 9 6 9  m a n d a t e s  t h e  
a s s e s s m e n t  o f  t h e s e  i m p a c t s  a n d  e x p l o r a t i o n  o f  a l t e r n a t i v e  
d e v e l o p m e n t  s o l u t i o n s  t o  m i t i g a t e  i m p a c t s .  C e r t a i n  s t a t e s ,  
- s u c h  a s  W a s h i n g t o n  h a v e  a n  a d o p t e d  S t a t e  E n v i r o n m e n t a l  
~olicy A c t  o r d i n a n c e  w h i c h  r e q u i r e s  v i r t u a l l y  a l l  d e v e l o p m e n t  
t o  g o  t h r o u g h  t h e  p r o c e s s  o f  d e t e r m i n i n g  e n v i r o n m e n t a l  
s i g n i f i c a n c e  b e f o r e  c o n s t r u c t i o n  i s  a l l o w e d .  C o a s t a l  Z o n e  
a u t h o r i t i e s  i n  C a l i f o r n i a ,  O r e g o n ,  ~ashington, a n d  q t h e r  
s t a t e s  a r e  d e v e l o p i n g  m e t h o d s  t o  r e t r i e v e  u s e f u l  p l a n n i n g  
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i n f o r m a t i o n  o n  t h e  b i o t a  a n d  p h y s i c a l  g e o g r a p h y  o f  e s t u a r i e s .  
S o r e n s e n  ( 1 9 7 1 ) ,  r e c o g n i z i n g  t h i s  n e e d ,  d e v e l o p e d  a  m a t r i x  
s y s t e m  c a p a b l e  o f  d i s p l a y i n g  m a n y  t y p e s  o f  p l a n n i n g  a n d  
r e s o u r c e  u s e  d a t a .  T h e  o r i g i n a l  p u r p o s e  o f  S o r e n s o n ' s  wor~ 
w a s  t o  d e v e l o p  a  s y s t e m  c a p a b l e  o f  c o m p u t e r i z a t i o n  w h i c h  c a n  
p r e d i c t  t h e  i m p a c t  o f  a n y  p r o p o s e d  u s e  o n  t h e  t o t a l  s y s t e m .  
T h e  e x t e n d e d  m a t r i c e s  i n  h i s  w o r k  r e p r e s e n t  r e l a t i o n s h i p s  
· a m o n g  c a u s e s ,  c o n d i t i o n s ,  a n d  e f f e c t s .  A l t h o u g h  i t  i s  n o t  
p o s s i b l e  h e r e  t o  m a k e  a n  e x h a u s t i v e  t r e a t i s e  o n  S o r e n s o n ' s  
w o r k ,  i t  i s  c o n s i d e r e d  t h e  b e s t  a n d  p e r h a p s  t h e  m o s t  u s e f u l  
e x a m p l e  o f  t h e  m a t r i x  i n  t h e  p r o c e s s  o f  i m p a c t  a s s e s s m e n t .  
B e l l a  a n d  K l i n g e m a n  ( M a r c h  1 9 7 3 )  u n d e r  a  g r a n t  f r o m  
t h e  P a c i f i c  N o r t h w e s t  R i v e r  B a s i n  C o m m i s s i o n  d r a f t e d  w h a t  i s  
p r o b a b l y  o n e  o f  t h e  m o s t  p r o g r e s s i v e  d o c u m e n t s  f o r  t h e  
p l a n n i n g  o f  O r e g o n  e s t u a r i n e  s y s t e m s .  T h e  s y s t e m s  a p p r o a c h  
i s  e m p h a s i z e d  t h r o u g h o u t  i n c l u d i n g  a n  u n d e r s t a n d i n g  o f  t h e  
p r o c e s s e s  a l o n g  w i t h  i n f o r m a t i o n  o n  p r o p e r t i e s  a n d  d i s c r e t e  
e l e m e n t s  o f  t h e  · e s t u a r y .  S e v e r a l  i d e a s  s t a n d  o u t  a s  g e r m a n e  
t o  t h e  t o t a l  d o c u m e n t .  T h e s e  a r e :  
( 1 )  P l a n n i n g  f o r  e s t u a r i e s  m u s t  r e c o g n i z e  t h a t  t h e  
m a i n t e n a n c e  o f  d i v e r s i t y  i s  a s  i m p o r t a n t  t o  t h e  
n a t u r a l  b i o l o g i c a l  reso~rces a s  i s  l a r g e - s c a l e  
s i m i l a r i t y  t o  t h e  e c o n o m i c s  o f  d e v e l o p m e n t .  
( 2 )  T h e  p l a n n e r  n e e d s  t o  i n c o r p o r a t e  " i g n o r a n c e  o f  
t h e  s y s t e m "  i n t o  h i s  p l a n n i n g  m e t h o d o l o g y .  
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( 3 )  I t  i s  n e c e s s a r y  a t  t h e  o n s e t  t o  r e c o g n i z e  t h e  
" u n i q u e n e s s "  o f  t h e  p a r t i c u l a r - e s t u a r y  s y s t e m  a n d  
t o  i d e n t i f y  a s  m a n y  d i f f e r e n t  a n d  d e s c r i p t i v e  
h a b i t a t s  a s  p o s s i b l e .  
( 4 )  T h e  p l a n n e r  s h o u l d  u t i l i z e  a n  i m p a c t  a n a l y s i s  
p r o c e d u r e  f r o m  t h e  v e r y  s t a r t  o f  t h e  p l a n n i n g  
p r o c e s s .  
( 5 )  T h e r e  i s  a  n e e d  t o  p l a n  f o r  p r e s e r v i n g  f u t u r e  
o p t i o n s ,  e s p e c i a l l y  i n  l i g h t  o f  t h e  d y n a m i c  
c h a r a c t e r  o f  e s t u a r i n e  s y s t e m s .  
T h i s  s y s t e m s  a p p r o a c h  p r o p o s e d  b y  B e l l a  a n d  o t h e r s  i s  
e s s e n t i a l  f o r  m a k i n g  p r e d i c t i o n  a n d  l a n d  u s e  d e c i s i o n s  i n  
e s t u a r i n e  a r e a s .  
T h i s  t h e s i s  c a n  b e  c o n s i d e r e d  a n  a t t e m p t  t o  e s t a b l i s h  
a  b a s e  f o r  s y s t e m s  a n a l y s i s  fo~ f u t u r e  p l a n n i n g  p u r p o s e s ;  
o n e  o f  t h e  c r u c i a l  s t e p s  i n  d e v e l o p i n g  a n  e s t u a r i n e  l a n d  u s e  
m o d e l .  I n  o r d e r  t o  r e a l i s t i c a l l y  m o d e l  a n  e s t u a r y ,  o n e  h a s  
t o  r e l a t e .  t h e  p h y s i c a l  a s  w e l l  a s  t h e  h u m a n  e n v i r o n m e n t .  
T h i s  t h e s i s  i s  n o t  a  m o d e l  o f  N e t a r t s  B a y  b u t  i t  d o e s  
n o t e  t h e  h i s t o r i c a l  a n d  c u r r e n t  c h a n g e s  w i t h i n  t h e  s y s t e m s  
w h i c h  i s  o f  v a l u e  i n  d e v e l o p i n g  t h e  m o d e l .  B y  u s i n g  t h e  
" h i s t o r i c a l - a n a l y t i c "  a p p r o a c h  i n  d o c u m e n t i n g  c h a n g e s  i n  t h e  
l a n d s c a p e  a n d  r e s o u r c e  b a s e  a n d  ~upplementing t h i s  s t u d y  
w i t h  b a s e l i n e  d a t a  o n  t h e  b i o p h y s i c a l  e l e m e n t s ,  o n e  c a n  
t e n t a t i v e l y  i d e n t i f y  c r i t i c a l  environm~nt f a c t o r s  w i t h i n  t h e  
s y s t e m  a n d ,  i n  t h e  f u t u r e ,  d r a f t  d e v e l o p m e n t  g u i d e l i n e s  t h a t  
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a r e  c o g n i z a n t  o f  t h e s e  f a c t o r s .  T h i s  · i s  i m p o r t a n t  f o r  
p r e s e r v a t i o n  o f  f u t u r e  o p t i o n s  w i t h i n  t h e  s y s t e m .  M y r o n  
B l a n k  ( 1 9 7 4 )  h a s  p r o p o s e d  b o t h  " a t t r a c t i v e n e s s "  a n d  " i m p a c t "  
m o d e l s  t o  d e t e r m i n e  l a n d  u s e  s u i t a b i l i t i e s  f o r  p l a n n i n g  
w h i c h  m a y  h a v e  a p p l i c a b i l i t y  t o  e s t u a r i e s .  N e t a r t s  B a y  
w o u l d  b e  a  g o o d  c a n d i d a t e  f o r  d e v e l o p m e n t  o f  a  l a n d  a n d  
w a t e r  u s e  m o d e l  i f  s u p p l e m e n t a l  r e s e a r c h  o n  s e a s o n a l  s e d i m e n -
t a t i o n  a n d  b e n t h i c  f a u n a  w e r e  u n d e r t a k e n .  
!  
S O U R C E S  C O N S U L T E D  
B a l d w i n , .  E w a r t  1 9  6  4 . .  .  G e " o T o · g - y  · o · f •  o r · e · g · o n  I  E~gene I  O r e g o n ;  
U n i v e r s i t y  o f  Or~gon Pre~s. 
B e l l a ,  D a v i d  A .  a n d  . .  P e t e r  . .  c .  · · L i n g e m a n  M a r c h  · 1 9 7 3 .  
' G e · n e · r a T  P T a · n n · i · n · g  . .  M e t h o d o · 1 o · g y  f o · r ·  · o r · e · g · o ' n · • · s ·  E : s t u a r · i n e  
N a t t i r a · 1 ·  R e ' s ' o · u r c · e s ,  p r e p a r e d  f o r  t h e  P a c i f i c  N o r t h w e s t  
R i v e r  B a s i n s  C o n n n i s s i o n ,  C o r v a l l i s ,  O r e g o n :  U n i v e r s i t y  
o f  O r e g o n  P r e s s .  ·  ·  ·  
B l a n k ,  M y r o n  A .  1 9 7 4 .  ·  C o m p · u t e · r · s · : - ·  T h e t · r ·  P T a · c · e ·  i · n ·  L · a · n d  U s e  
· A n · a · 1 y s · i s ,  ~s T h e s i s ,  U t a h  S t a t e  U n i v e r s i t y ,  L o g a n ,  
U t a h .  .  
B o l e y ,  S .  L .  a n d  L .  S .  S l o t t a  1 9 7 4 .  R e l e v a n t  D a t a ·  c o · n c e r n i n g  
P r o p o s e d  D i s c h a r g e  · o · f  D o m e s t i • c  w a · s t e · s ·  ' i n t o  N e t a r t s  B a y  I  
O r e g o n ,  B u l l e t i n  N o .  S O ,  E n g i n e e r i n g  E x p e r i m e n t  
S t a t i o n ,  O r e g o n  S t a t e  U n i v e r s i t y .  
B u r t ,  W .  V .  a n d  W .  B .  M c A l i s t e r  1 9 5 9 .  " R e s e a r c h  S t u d i e s  
i n  t h e  H y d r o g r a p h y  o f  O r e g o n  E s t u a r i e s ,  . . .  F i . s h  
C o m m i s s · i · o · n :  R e s · e a r c h  H r i · e · f s ,  V o l .  7 ,  N o .  1 ,  F i s h  
C o m m i s s i o n  o f  O r e g o n .  
C l a r k , .  J o h n  1 9 7  4 .  C o a s t a l  E c o s y s t e m s ; '  E c · o · 1 o · g i · c · a · 1  C o n s · i d e r a · t i o n s  
f o r  M a n a g e m e h t  o f  t h e  C o a s t a l  Z b n e ,  W a s h i n g t o n ,  D . C . :  
T h e  C o n s e r v a t i o n  F o u n d a t i o n .  
C o o p e r ,  W .  S .  1 9 5 8 .  C o a s t  S a n d  D u n · e · s  · o f  O ' r " e g o n  · a n d  W a s h h 1 g t o n ,  
G e o l o g i c a l . S o c i e t y  o f  A m e r i c a  M e m o i r  N o .  7 2 .  
C r o n i n ,  E u g e n e  L .  a n d  A l i c e  J .  M a n s u e t i  M a r c h  1 9 7 1 .  
" T h e · B i o l o g y  o f  t h e  E s t u a r y , "  A  S y m p o s i u m  o n  t h e  
B i o l o g i c a l  S i g n i f i c a n c e  o f  E s t u a r i e s ,  · s u p p o r t e d  b y  t h e  
N a t i o n a l  S c i e n c e  F o u n d a t i o n  S e a  G r a n t  N o .  H 0 0 0 0 7 0 ,  
W a s h i n g t o n ,  D . C . :  S p o r t  F i s h i n g  I n s t i t u t e .  
D i c k e n ,  S a m u e l  N .  1 9 6 1 .  S o m e  R e c e n t  P h y s i c a l  C h a n g e s  o f  t h e  
O r e g o n  C o a s t ,  D e p a r t m e n t  o f  G e o g r a p h y ,  Univers~ty o f  
O r e g o n .  
D i c k e n ,  S a m u e l  N . ·  1 9 7 1 .  
Por~land, O r e g o n :  
P i o n e e r  T r a i l s  o f  t h e  O r e g o n  C o a s t ,  
O r e g o n  H i s t o r i c a l  S o c i e t y .  
E l l i o t ,  T .  c .  J o h n  M e a r e ' s  A p p r o a c h  t o  O r e g o n ,  1 7 7 8 - -
e x t r a c t e d  f r o m :  V o y ' a < } e s ·  t o  · t h e ·  N o · r t h w e · s · t  c o · a · s t  o f  
A m e r · i t a  b y  J o h n  M e a r e s .  
F r a n k l i n ,  J e r r y  F .  a n d  C .  T .  D y r n e s s  1 9 6 9 .  V e · g · e t a t i · o · n ·  · o f  
" O ' r " e · g · o · n ·  · a · n d  w a · s h i ' r i g t o n '  u .  s .  D e p a r t m e n t  o f  A g r i c u l t u r e  I  
F o r e s t  S e r v i c e  R e s e a r c h  P a p e r  N o .  8 0 .  
G a u m e r ,  T .  F . ,  D  • . .  D a r r e l  a n d  L .  O s i s  1 9 7 4 .  ·  T 9 7 T  N e t a · r · t s  
H a y  E s t u : a · r y  R e s ' o · u · r · c · e  n s · e  S t u d y ,  . F i s h  · c o n u n i s s i o n  o f  
Or~gon. 
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G l a n z m a n . ,  C h a r i e s  F .  ,  · · B a r d  Gl~ri.ne-
1 
· a n d  F r e d  J .  · B u : r g e s s  
J a n u a r y  . 1 9  7 1  • .  ·  T i " d a T  . .  H y d r · a - u : r i · c · s ·  /  F l " U : s h i · n : g ·  C h a · r c f c t e r i · s t i c s ,  
.  · a n d  W a t e · r  . .  - o · u · a T i . t y  " o ' f . N e · t ' a · r t s ·  · H a y , ·  o r · e · g · o n ,  · c o r v a l l i s ,  
O r e g o n :  O r e g o n  S t a t e  U n i v e r s i t y - E n g i n e e r i n g  E x p e r i m e n t  
S t a t i o n .  · ·  ·  · ·  
H e d g p e t h , ·  J o e l  W . ,  e d .  · 1 9 5 7 .  ·  T r · e · a ' t i · s · e ·  · o · n :  M a · r i · n e ·  · E c b l o g y  
·  · a n d  p · a : i - e · o · c o T o · g y  ' · ·  V o l .  1 ,  N e w  Y o r k :  T h e  G e o l o g i c a l  
S o c i e t y  o f  A m e r i c a .  
H o r n e r ,  J .  B .  1 9 1 9 .  o r · e g · o · n ·  H i . s t o - r y  · a n · d  E a r " l y  L " i t e · r a t u · r e ,  
· P o r t l a n d ,  O r e g o n :  T h e  J .  K . · G i l l  C o m p a n y .  
H u n g e r ,  A .  A .  1 9 6 6 .  D i s t r i b u t i · o n ·  · o f ·  F o Y a m i · n · i · f · e r · a · , ·  N e t a r t s  
· B a y ,  O r e g o n ,  M S  T h e s i s ,  C o r v a l l i s ,  O r e g o n :  O r e g o n  
S t a t e  U n i v e r s i t y .  
J e f f e r s o n ,  C .  : [ \ .  a n d  G .  J .  A i k e n s  1 9 7 3 .  ·  c o · a · s t a 1 ·  W e t l a n d s  
o f  O r e g o n ,  S a l e m , ·  Oregon~ O r e g o n  C o a s t a l  C o n s e r v a t i o n  
a n d  D e v e l o p m e n t  C o n u n i s s i o n .  
M a n g u m ,  D o r i s  1 9 6 7 .  " G e o l o g y  o f  C a p e  L o o k o u t  S t a t e  P a r k  
N e a r  T i l l a m o o k ,  O r e g o n ; " ·  o r · e ·  B i n ,  V o l .  X X I X ,  N o .  5 ,  
8 5 - 1 0 9 .  
M i l n e ,  L .  J .  a n d  M .  J .  M i l h e . 1 9 5 1 .  " T h e  E e l g r a s s  C a t a s t r o p h e , "  
S c i e n t i f i c  A r c i e r i c a n ,  V o l .  1 8 4  ( 1 )  ,  5 2 - 5 5 .  
N e w m a n ,  T h o m a s  1 9 5 9 .  T i l l a m o o k  P r e h i s t o r y  a n d  i t s  R e l a t i o n -
s h i p  t o  t h e  N o r t h w e s t  C o a s t a l  A r e a ,  u n p u b l i s h e d  P h D  
t h e s i s ,  U n i v e r s i t y  o f  O r e g o n ,  E u g e n e ,  O r e g o n .  
O d u m ,  E u g e n e  P .  1 9 7 1  . .  F u n d a m e n t a l s  o f  E c o l o g y ,  Philade~phia, 
P e n n s y l v a n i a :  W .  B .  S a u n d e r s  C o .  
O d u m ,  H .  T .  1 9 6 7 .  " B i o l o g i c a l  C i r c u i t s  a n d  t h e  M a r i n e  
S y s t e m s  o f  T e x a s , "  P o l l u t i o n  a n d  M a r i n e . E c o l o g y  
( T .  A .  O l s o n  a n d  F  . .  J .  B u r g e s s ,  e d s . ) ,  N e w  Y o r k :  
J o h n  W i l e y  a n d  S o n s ,  I n c .  
O d u m ,  H .  T . ,  B .  J .  C o p e l a n d  a n d  E .  A .  M c M a h o n ,  e d s .  J u n e  1 9 7 4 .  
C o a s t a l  E c o T o g i c a l  s y s · t e · m s ·  " o " f  t h e ·  u .  s .  I  V o l s .  I  I  I I  I  
a n d  I I I ,  W a s h i n g t o n ,  D . C . :  T h e  C o n s e r v a t i o n  F o u n d a t i o n .  
P r i t c h a r d ,  D .  W~ 1 9 5 5 . ·  " E s t u a r i n e  C i r c u l a t i o n  P a t t e r n s , "  
P r o c · e · e d i · n · g s  f o r  : t h e  A m e Y i · c · a n ·  S - o c ' i · e t y  · o · f  C i v . i 1 ·  E n g i n e e r s ,  
V o l .  8 1 .  
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P r i t c h a r d ,  D .  w .  1 9 6 7 .  " W h a t  i s  a n  E s t u a r y ?  A  P h y s i c a l  
V i e ' W p o i n t ,  
1 1
·  E · s  t u a r i e s  (  G .  E .  L a u f  f ,  e d . )  ,  A m e r i c a n  
A s s - o c i a t i o n  f o r  t h e ·  A d v a n c e m e n t  o f  S c i e n c e ,  P u b l i c a t i o n  
N o · .  8 3 :  3~5. 
R e i d ,  G e o r g e  K .  1 9 6 1  • .  E · c · o - i - o · g y  · o f  I " n T a · n d  W a t e · r · s ·  · a · n - a ·  E · s t u · a r i · e $ ,  
N e w  Y~rk: R e i n h o l d  Publi~hing C o r p o r a t i o n .  
S c h l i c k e r ,  H e r b e r t  G . ,  R o b e r t  J .  D e a c o n ,  J o h n  D .  B e a u l i e u  
a n d  _ G o r d o n  W .  O l c o t t  1 9 7 2 .  E · n v i · r · o · n m : e n t a T  G e o T o · g y · o f  
· t h e ·  c o · a · s t a T  · R e · g i · o n :  c > f  T i l l · a m : o · o k  · a n d  c 1 · a t s · o p  C o u n t i e s _ ,  
o r · e g · o n , B u l l e t i n  7 4 ,  p r e p a r e d  f o r  O r e g o n  D i s t _ r i c t  N o .  l  
C o u n c i l  o f  G o v e r n m e n t s ,  C l a t s o p - T i l l a m o o k  C o u n t i e s  b y  
t h e  S t a t e  o f  O r e g o n ,  D e p a r t m e n t  o f  G e o l o g y  a n d  M i n e r a l  
I n d u s t r i e s .  
S o r e n s o n ,  J e n s  C .  D e c e m b e r  1 9 7 1 .  A  F r a m : e w o · r k  · f o r ·  I d e n t i f i c a t i o n  
a n d  C o n t r o l  o f  R e s · o u r c e  D e g · r · a d a t i · o n  · a n d  c o · n · f 1 · i c t  i n  
t h e  M u l t i p l e  U s e  o f  t h e  C o a · s · t a l  · z · o n e ,  M S  .  T h e s i s ,  
B e r k e l e y ,  C a l i f o r n i a :  U n i v e r s i t y  o f  C a l i f o r n i a  Press~ 
S q u i r e ,  D o u g l a s  R .  J u n e  1 9 7 2 .  T h e ·  · J a " t > a n · e · s e ·  O ' y ' s t e · r ·  D r ' i . 1 1 ,  
o c · e n · e b r a ·  ' J a · p o ' n : i c a · .  i n '  N e ' t a r t s ·  H a y ,  o r · e g · o n ,  M S  T h e s i s  I  
Orego~ S t a t e  U n i v e r s i t y ,  C o r v a l l i s ,  O r e g o n .  
S t o u t , ·  H e a t h e r ,  _ e d .  1 9 7 6 .  · T h e  N a t u r a l ·  R e · s · o u r c · e s ·  a ' n d  H u m a n  
U t i l i z a t i o n  o f  N e t a r t s  B a y ,  o r · e · g · o n ,  a n  i n t e r d i s c i -
p l i n a r y  s t u d y  f u n d e d  t h r o u g h  t h e  s t u d e n t - o r i g i n a t e d  
s t u d i e s  p r o g r a m  o f  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  
G r a n t  N o .  E P P 7 5 - 0 8 9 0 1 ,  C o r v a l l i s ,  O r e g o n :  O r e g o n  
S t a t e  U n i v e r s i t y  P r e s s .  
T e a l ,  J o h n  M .  1 9 6 2 .  " E n e r g y  F l o w  i n  t h e  S a l t  M a r s h  E c o s y s t e m  
o f .  G e o r g i a , "  E c o l o g y ,  V o l .  4 3 ,  6 1 4 - 6 2 4 .  
T i l l a m o o k  ~ioneer A s s o c i a t i o n  1 9 7 2  • .  T i l l a m o o k  Me~ories, 
Tillamoo~, O r e g o n .  
U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e  1 9 5 7 .  S o i l  S u r v e y ,  T i l l a m o o k  
A r e a ,  O r e g o n ,  S e r i e s  1 9 5 7 ,  N o .  1 8 ,  W a s h i n g t o n ,  D . C . :  
U . S .  G o v e r n m e n t  P r i n t i n g  O f f i c e .  
V a u g h n ,  W a r r e n  N .  1 9 0 5 .  J o u r n a i ,  1 8 5 1 - 5 4 ,  B o o k s  I - I V ,  
t h e . O r e g o n  ~istorical S o c i e t y  M a n u s c r i p t  C o l l e c t i o n  
N o .  2 1 3 .  
W i e d e m a n n ,  A l f r e d  M . ,  L .  D e n n i s  a n d  F r a n k  H .  S m i t h  1 9 6 9 .  
P T a n t s  ' o f '  • t h e  o r · e · g · o · n ·  - c o · a · s t a T  n u · n · e s  I  C o r v a l l i s  I  
O r e g o n :  O r e g o n  S t a t e  B o o k s t o r e ,  I n c .  
W o o d ,  E .  J . ,  Fe~guson, W .  E .  O d u m : a n d  J .  c · .  Z i e m a n  1 9 6 7 .  
" I n f l u e n c e  o f  S e a  G r a s s e s  o n  t h e  P r o d u c t i v i t y  o f  
C o a s t a l  L ? - g o o n s  I  H  L " a ' g u · n a · s ·  c o · s  t e r · a · s ·  u n ·  S ' i m t : » o · s · i o ,  
M e x i c o ,  D .  F·~! 
Z i m m e r m a n ,  S .  T .  1 9 7 1  • . .  S e a · s · o h a ' l '  S t i c c · e · s · s · i · o · n »  a · f  z · o · o t > T a · n k t o n  
P ' o · l ? · u l a t i o h s  · i n  T w o  n i · s s i m i T a r ·  M a r i h e ·  · E m h a " y m e n t s ·  · i n  
O r e ' < j ' o n ,  P h D  T h e s i s ,  Or~gon S t a t e  · u n i  vers~·ty I  
C o r v a l l i s ,  O r e g o n .  
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A P P E N D I X  A  
I N D E X  T O  S P E C I E S  N A M E S  
A m p h i b i a n s  
B u f  o  b o r e a s  
H y l a  r e g i l l a  
R a n a · ' .  ' a u r o r a  
R a n a  c a t e s b e i a n a  
T a r r c h a  g r a n u l o s a  
B e n t h i c  I n v e r t e b r a t e s  
H y d r o z o a  
A n i m a l s  
C l a d o n e m a  c a l i f o r n i c a  
N e m e r t e a  
C e r e b r a t u l u s  c a l i f o r n i e n s i s ·  
P o l y c h a e t a  
A b a r e n i c o l a  p a c i f i c a  ( A r e r i i c o l i d a e )  
M e d i o m a s t u s  c a l i f o r h i e n s i s  ( C a p i t e l l i d a e )  
C a p i t e l ' l a  c · a p i t a t a  
- G l y c e r a  c · o n v o l u t a  ( G l y c e r i d a e )  
G l y c e r a  t e n u i s  
G l y c i n d e  a r m i g e r a  ( G o n i a d i d a e )  
L w n b r i n e r i s  z o n a t a  ( L u m b r i n e r i d a e )  
N e p h t y s  c a l · i · t · o r n i e n s i s  ( N e p h t y i d a e )  
N e p h t y s  c a e c o i d e s  ·  
N e p h t y s  c a e c a  
N e a n t h e s  b r a n d t i  ( N e r e i d a e )  
N e a n t h e s  s u c c i n e a  
O p h e l i a  a s s i m i l i s  ( O p h e l i i d a e )  
E u o z o n u s  m u c r o n a t a  
E u z o n u s  w i l l i a m s i  
A r m a n d i s  b r e v i s  
O r b i n i a  j o h n s o n i  ( O r b i n i i d a e )  
H a p l o s c o l o p l o s  e l o n g a t u s  
O w e n i a  c o l l a r i s  ( O w e n i i d a e )  
E t e o n e  c a l i f · o r n i c a .  ( P h y l l o d o c i d a e )  
E t e o n e  d i l a t a e  
H a l o s y d n a  b r e v i s e t o s a  ( P o l y n o i d a e )  
L e · p i d a s t h e n i a  i n t e r r u p t a  
W e s t e r n  t o a d  
P a c i f i c  t r e e  f r o g  
R e d - l e g g e d  f r o g  
B u l l f r o g  
R o u g h - s k i n n e d  n e w t  
J e l l y  f i s h  
R i b b o n  w o r m  
L u g  w o r m  
T h r e a d  w o r m  
I I  I t  
M u d  f l a t  w o r m  
I I  I t  
I I  






S a n d  w o r m  
I I  I I  
"  "  
C l a m  b e d  w o r m  




B l o o d  w o r m  
"  
"  
M u d  
f l a t  w o r m  
I I  
I I  
"  
I I  








I I  
f l  
I I  
S c a l e  w o r m  
I I  I I  
P o l y c h a e t a ,  c o n t i n u e d  
P y g o · s p · i o ·  · e · 1 e · g · a n s  {  S p i o n i d a e )  
P y g o · s · p i o ·  · c · a · 1 · i · f o · r ' n ' . i · c a  
· R h y n · c h o ' s · p · i o ·  · a r · e · n · i c o · l a  
·  P ' s · e · u d o · p · o T y d o · r a ·  · p · a · u · c · i b r · a · n · c h i · a · t a  
· .  P s · e · u d o · p · o T y d o · r a ·  k e m p i  
·  s p · i o  f i T i · c · o ' r ' n · i s  
·  s p · i · o p h a · n · e s  b o m h y x  
P o l y d o r a  soc~alis 
E u p o l y m n · i a  c r e s c e n t i s  ( T e r e b e l l i d a e )  
P i s t a  p a c i f  i c a  
B i v a l v i a  
M a c o m a  b a l t h i c a  ( T e l l i n i d a e )  
M a c o m a  i n q u i n a t a  
M a c o m a  n a s u t a  
T e l l i n a  b o d e g e n s i s  
C r y p t o m y a  c a l i f o r n i c a  ( M y i d a e )  
M y a  a r e n a r i a *  
·  ~rotothaca s t a m i n e a  ( V e n e r i d a e )  
P r o t o t h a c a  t e n e r r i m a  
T a p e s  j a p o n i c a *  
S a x i d o m u s  g i g a n t e u s  
T r e s u s  c a p a x  { M a c t r i d a e )  
C l i n o c a r d i u m  n u t t a l l i i  ( C a r d i i d a e )  
L u c i n o m a  a n n u l a t a  ( L u c i n i d a e )  
C r a s s o s t r e a  g i g a s  ( O s t r e i d a e ) * .  
Z i r f a e  p i l s b r y i  ( P h o l a d i d a e )  
M y t i l u s  e d u l i s  ( M y t i l i d a e )  
Gas~.ropoda 
P h y l l a p l y s i a  t a y l o r i  
O l i v e l l a  b i p l i c a t a  ( N e o g a s t o p o d a )  
C e r a t o s t o m a  i n o r n a t u m *  
P h o r o n i d a  
P h o r o n i s  p a l l i d a  
C r u s t a c e a  
.  
L e p a s  p a c i f i c a  ( C i r r i p e d i a )  
B a l a t i u s  g l a n d u l a  
L e p t o c h e l i a  d u b i a  { T a n a i d a c e a )  
Exc~rolana l i n g u i f r o r t s  ( I s o p o d a )  
I d o t e a ·  r e s e c · a t a  
E o h a u s t o r i · u s  s p .  ( A m p h i p o d a )  
C o r o · p h i u m :  b r e v i s  
A m p h i t h o e  v a l i d a  
A - 2  
S a n d y  
t u b e  w o r m  
"  
"  
"  "  
"  
"  .  
"  
I I  
I I  
I I  
I I  
I I  
I f  
I f  
. . .  
P a r c h m e n t  
t u b e : ·  w o r m  
I f  
I f  
N e s t l i n g  c l a m  
I I  I I  
B e n t - n o s e d  c l a m  
S a n d  f l a t  c l a m  
S h r i m p  c l a m  
S o f t - s h e l l e d  c l a m  
L i t t l e n e c k  · : c l a m  
"  
I I  
Q u a h o g  c l a m  
B l u e  c l a m  
C o c k  e l  
I I  
I I  
N e s t l i n g  c l a m  
J a p a n e s e  o y s t e r  
B o r i n g  c l a m  
B a y  m u s s e l  
S e a  s l u g  
I I  
P u r p l e  o l i v e  s n a i l  
O y s t e r  d r i l l  s n a i l  
S a n d  t u b e  w o r m  
G o o s e - n e c k  b a r n a c l e  
A c o r n  b a r n a c l e  
S a n d  t u b e  c r u s t a c e a  
I s o p o d  
I s o p o d  
A m p h i p o d  
I I  
"  
C r u s t a c e a ,  c o n t i n u e d  
P a r a p h o x u s  m i l l e r i  
P a r a p h o x u s  s p i n o s u s  
P h o t i s  b r e v · i p e s  
H y a l e  ·grandicorni~ c a l · i f o r · n i c a  
H e p t a c a r p u s  p i c t u s  ( D e c a p o d a )  
H e p t a c a r p u s  p a l u d i c o l a  
C r a n g o n  n i g r i c a u d a  
P i n n i x a  f a b a  
P i n n i x a  I r t t o r a l i s .  
P i n n i x a  s p .  
H e m i g r a p s u s  o r e g o n e n s i s  
R h i t h r o p a n o p e u s  h a r r i s s i *  
P u g e t t i a ·  r i c h i i  
P u g e t t i a  p r o d u c t a  
P e t r o l i s t h e s  c i n c t i p e s  
E c h i n o i d e a  
D e n d r a s t e r  e x c e n t r i c u s  
A s t e r o i d e a  
P y c n o p o d i a  h e l i a n t h o i d e s  . ( F o r c i p u l a t i d a )  
P i s a s t e r  b r e v i s p i n u s  
U r o c h o r d a t a  
B o t r y l l o i d e s  s p .  ( S t o l i d o b r a n c h i a )  
H e m i c h o r d a t a .  
S a c c o g l o s s u s  s p .  
B i r d s  
M e l o s p i z a  m e : l o d i a  
Chamae~ f a s c i a t a  
Caysbdacu~ p u r p u r e u s  
H y l o c i c h l a  u s t u l a t a  
T u r d u s  m i g r a t o r i u s  
C o l U l l l P a  f a s c i a t a  
L a r u s  o c r i d e n t a l i s  
L a r · u s ·  · g 1 a · u c · e s c e n o  
*  
D e n o t e s  i n t r o d u c e d  s p e c i e s .  
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A m p h i p o d  
"  
I I  
"  
E e l g r a s s  s h r i m p  
"  
I I  
I I  
"  
P e a  C r a b  
I I  I I  
I I  I I  
H a i r y  s h o r e  c r a b  
A t l a n t i c  s h o r e  c r a b  
D e c o r a t o r  c r a b  
K e l p  c r a b  
P o r c e l a i n  c r a b  
S a n d  d o l l a r  
S u n f l o w e r  s t a r f i s h  
S e a s  t a r  
T u n i c a t e  
A c o r n  w o . r m  
S o n g  s p a r r o w  
W r e n  t i t  
P u r p l e  f i n c h  
S w a i n s o n ' s  t h r u s h  
A m e r i c a n  r o b i n  
B a n d - t a i l e d  p i g e o n s  
W e s t e r n  g u l l  
G l a v c o u s - w i n g e d  ·  
B i r d s ,  C O D . t i n u e d  
L a r u s  d e l a w a r e n s i s  
L · a r u s  c · a · 1 · i - f o · r · n i · c · u s  
L a r u s  h e e r m a · n · i i  
H y a r · o p r · o · g · n e  c a · s p i a  
U r i a  a · a l g e  
C e p p h u s  c o l u m b a  
Phala-crocora~ a u r i t u s  
· P h a l a c o r c o r a x  p~lagicus 
A r d e a  h e r o d i a s  ·  
C o r v u s  b r a c h y r h y n c h a s  
A n a s  p l a t y r h y n e h a s  
M e r g u s  s e r a t o r  
E r o l i a  a l p i n a  
A n a s  a c u t a  
G a v i a  i m m e r  
B u t e o  j a m a i c e n s i s  
O r e o r t y x  p i c t u s  
Z e n a r d u r a  m a c r o u r a  
B u b o  v i r g i n i a n u s  
C h o d e i l e s  m i n o r  
C h a e t u r a  v a u x i  
S e l a s p h o r u s  r u f  u s  
M e g a c e r y l e  a l c y o n  
·  D r y o c o p u s  p i l e a t u s  
D e n d r o c o p o s  v i l l o s u s  
D e n d r o c o p o s  p u b e s c e n s  
E m p i d o n a x  d i f f i c i l i s  
T r a c h y c i n e t a  t h a l a s s i n a  
T r i d o p i o c n e  b i c o l o r  
H i r u n d o  r u s t i c a  
P r o g n e  s u b i s  ·  
P e r i s o r e u s  q a n a d e n s i s  
C y a n o c i t t a  ste~leri 
C o r v u s . c o r a x  
P a r u s  a t r i c a p i l l u s  
P a r u s  r u f e s c e n s  
P s a l t  r i p a r u s  m i n i m u s  
S i t t a  c a n a d e n s i s  
C e r t h i a  f a m i l i a r i s  
T r o g l o d y t e s  a e d o n  
T r o g l o d y t e s  t r o g l o d y t e s  
T h r y o m a n e s  b e w i c k i i  
I x o r e u s  n a e v i u s  
R e g u l u s  s a t r a p a  
B o m b y Y e l l a ·  C e d r o r u m  
S t u r n u s  v u l · g a · r · i s  
V e r m i V o ' r a ·  · c e l a t a  
P i r a · n g a ·  l u d o v i c i a n a  
P h e u c · t r · i u s  · m e 1 · a n o c e p h a 1 · u s  
S p i r i u s  p - i · n  u s  
R i n g - b i l l e d  
C a l i f o r n i a  g u l l  
H e e r m a n ' s  g u l l  
.  C a s p i a n  t e r n  
C o m m o n  m u r r e  
A - 4  
P i d g e o n  g u i l l e m o t  
D o u b l e - c r e s t e d  c o r m o r a n t o  
P e l a g i c  o r m o r a n t  
G r e a t  b l u e  h e r o n  
C o n u n o n  c r o w s  
M a l l a r d  d u c k  
R e d - b r e a s t e d  m e r g a n s e r ·  
D u n l i n  
P i n t a i l  
C o m m o n  l o o n  
R e d - t a i l e d  h a w k  
M o u n t a i n  q u a i l ·  
M o u r n i n g  d o v e  
G r e a t  h o r n e d  o w l  
C o m m o n  n i g h t h a w k  
V a u x ' s  s w i f t  
R u f  o u s  h u m m i n g b i r d  
B e l t e d  k i n g f i s h e r  
P i l e a t e d  w o o d p e c k e r  
H a i r y  w o o d p e c k e r  
D o w n y  w o o d p e c k e r  
W e s t e r n  f l y c a t c h e r  
V i o l e t - g r e e n  s w a l l o w  
T r e e  s w a l l o w  
B a r n  s w a l l o w  
P u r p l e  m a r t i n  
G r a y  j a y  
S t e l l e r  j a y  
C o m m o n  r a v e n  
B l a c k - c a p p e d  c h i c k a d e e  
C h e s t n u t - b a c k e d  chickad~e 
C o m m o n  b u s h t i t  
R e d - b r e a s t e d  n u t h a t c h  
B r o w n  c r e e p e r  
H o u s e  w r e n  
W i n t e r  w r e n  
B e w i c k ' s  w r e n  
V a r i e d  t h r u s h  
G o l d e n  c r o w n e d  k i n g l e t  
C e d a r  w a x w i n g  
S t a r l i n g  
O r a n g e - c r o w n e d  w a r b l e r  
W e s t e r n  t a n a g e r  
B l a c k - h e a d e d  g r o s b e a k  
P i n e  s i s k i n  
~ . . .  . . .  .  ·~... . .  . .  . . .  ~ . . .  
, .  
I  
!  
B i r d s ,  c o n t i n u e d  
S p i n · u s ·  t r · i s t i s  
L o · x i a ·  · c u r V i Y o · s  t r  a  
P  i · p i · 1 0 ·  · e · r y t h r o · p h t h a : · 1 m : u s  
P a s  s e r c u 1 · u s ·  · s · a n d w  i · c h e · n s · i  s  
Z < > n o t r i · c h i a ·  · 1 · e t 1 c · o · p h r y s  
P a s s e r e T l a  · ± - i - i · a · c a  
S  t e · r n · e  l  l a ·  · n : e · 9 · 1 e · c t a  
M o l o · g h r u s  a t e r  
· A g e l · a r i u s  p h o e n · i · c e u s  
M e l " o s p i z a  m e · l o d i a  ·  .  
P e l i c a n u s  b d c i d e n t a l i s  
C i r c u s  c y a n e u s  
E r o l i a  m e l a n t o s  
E r o l i a  b a i r d i i  
A c t i t u s  m a c u l a r i a  
S q u a t a r o l a  s q u a t a r o l a  
L i m o s a  f  e d o a  
C h a r a d r i u s  a l e x a n d r i n u s  
C h a r a d r i u s  s e m i p a l m a t u s  
C h a r a d r i u s  v o c i f e r u s  
N u m e n i u s  p h a · e o p u s  
T e t a n u s  m e l a n o l e u c u s  
T e l m a t o d y t e s  p a l u s t a r i s  
B r a n t a  b e r n i c l a  
F i s h e s  
A l l o s m e r u s  e l o n g a t u s  
A m m o d y t e s  h e x a p t e r u s  
A n a r r h i c h t h y s  o c e l l a t u s  
A n o p l a r c h u s · p u r p u r e s c e n s  
A p o d i c h t h y s  f  l a v i d u s  
A r t e d i u s  f e n e s t r a l i s  
A r t e d i u s  h a r r i n g t o n i  
A t h e r i n o p s  a f f  i n i s  
C i t h a r i c h t h y s  s o r d i d u s  
C i t h a r i c h t h y s  s t i g m a e u s  
C l i n o c o t t u s  a c u t i c e p s ·  
C l i n o c o t t u s  g l o b i c e p s  
C o t t u s  a l e u t i c u s  
C o t t u s  a s p e r  
C o t t u s  g u l o s u s  
C y m a t o g a s t e r  a g g r e g a t a  
E m b i o t i c a  l a t e r a l i s  
E n g r a u l i s · m o r d a x  
E n o p h r y s  b i s o n  
E n t o s p h e n u s  trid~ntatus 
G a s t e r o s t e u s  a c u l e a t u s  
A - 5  
.  A m e r i c a n  < ] O l d f  i n c h  
R e d  c r o s s b i l l  
R u f o u s - s i d e d  t o w h e e  
S a v a n n a h  s p a r r o w  
White-crown~d s p a r r o w  
F o x  s p a r r o w  
W e s t e r n  m e a d o w l a r k  
B r o w n - h e a d e d  c o w b i r d  
· R e d - w i n g e d  b l a c k b i r d  
S o n g  s p a r r o w  
B r o w n  p e l i c a n s  
M a r s h  h a w k  
P e c t o r a l  s a n d p i p e r s  
B a i r d ' s  s a n d p i p e r s  
S p o t t e d  s a n d p i p e r  
B l a c k - b e l l i e d  p l o v e r s  
M a r b l e d  g o d w i t s  
S n o w y  p l o v e r  
S e m i - p a l m a t e d  p l o v e r  
K i l l d e e r  
W h i m b r e l  
G r e a t e r  y e l l o w l e g s  
L o n g - b i l l e d  m a r s h  w r e n  
B l a c k  b r a n d t  
W h i t e b a i t  s m e l t  
P a c i f i c  s a n d  l a n c e  
W o l f - e e l  
H i g h  c o c k s c o m b  
P e n  p o i n t  g u n n e l  
P a d d e d  s c u l p l n  
S c a l y h e a d  s c u l p i n  
T o p  s m e l t  
P a c i f i c  s a n d d a b  
S p e c k l e d  s a n d d q b  
S h a r p n o s e  s c u l p i n  
M o s s h e a d  s c u l p i n  
P r i c k l y  s c u l p i n  
C o a s t r a n g e  s c u l p i n  
R i f f  l e  s c u l p i n  
S h i n e r  p e r c h  
S t r i p e d  s e a p e r c h  
N o r t h e r n  a n c h o v y  
B u f f a l o  s c u l p i n  
P a c i f i c  l a m p r e y  
T h r e e  s p i n e  s t i c k l e b a c k  
F i s h e s ,  c o n t i n u e d  
H e m i l e · p i d o t u s  h e : m i l " e t i i d o t u s  
H e m : i  l · e p · i d o · t u s ·  · s · p · i n · o  s · u s  
H e · x a g · r · a m m o s ·  d e ' c · a · g r · a m m : u s  
H e x a g · r · a l n i r i o  s ·  T a · g · o c · e · p h a T u s  
H e · x a · g · r · a m m : o s  · s t e T l e · r  i  
H y p · e r p · r o s · o p o n ·  a · r g e n t e u m  
H y p o t n e · s u s  p r e t i o s u s  
L a m p e t r a  r i c h a r d s o n i  
L e p t o c o t t u s  a r m a t u s  
L u m p e n u s  s a g i t t a  
M i c r o g a d u s  p r x i m u s  
O l i g o c o t t u s  m a c u l o s u s  
O l i g o c o t t u s  s n y d e r i  
O n c h o r h y n c h u s  t s h a w y t s c h a  
O p h i d o n  e l o n g a t u s  
P a l l a s i n a  b a r b a t a  
P a r o p h r y s  v e t u l u s  
P h a n e r o d o n  f u r c a t u s  
P h o l i s  o r n a t a  
P l a i c h t h y s  s t e l l a t u s  
P s e t t i c h t h y s  m e l a n o s t i c t u s  
R h a c o c h i l u s  v a c c a  
S a l m o  c l a r k i .  
S c o r p a e n i c h t h y s  m a r m o r a t u s  
S e b a s t e s  c a u r i n u s  
S e b a s t e s  m e l a n o p s  
S t e l l e r i n a  x y o s t e r n a  
S y n g n a t h u s  g r i s e o l i n e a t u s  
M a m m a l s  
C a n i s  l a t r a n s  
C a s t o r  . c a n a d e n s i s  
C l e t h r i o n o m y s  o c c i d e n t a l i s  
E u t a m i a s  t o w n s e n d i i  
F e l i s  r u f u s  
G l a u c o m y s  s a b r i n u s  
M e p h i t i s  m e p h i t i s  
M i c r o t u s . o r e g o n i  
M i c r o t u s  t o w n s e n d i i  
M u s t e l a  e r m i n a  
M u s t e l a  v i s o n  
M y o t i s  c a l i f o r n i c u s  
M y o t i s  l u c i f u g u s  
M y o t i s  y u m a n e n s i s  
N e o t o m a  c i n e r e a  
O d o c o i l e u s  h e m i o n u s  c o l u m b i a n u s  
P e r o m y s c u s  m a n i c u l a t u s  
P h o c a  v i t u l i n a  
P r o c y o n  l d t a r  
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R e d  · I r i s h  l o r d  
B r o w n  I r i s h  l o r d  
K e l p  g r e e n l i n g  
R o c k  g r e e n l i n g  
W h i t e  s p o t t e d  g r e e n l i n g  
W a l l e y e  s u r f  p e r c h  
S u r f  · s m e l t  
W e s t e r n  b r o o k  l a m p r e y  
P a c i f i c  s t a g h o r n  s c u l p i n  
S n a k e  p r i c k l e b a c k  
P a c i f i c  t o m  c o d  
T i d e p o o l  s c u l p i n  
F l u f f y  s c u l p i n  
C h i n o o k  s a l m o n  
L i n g  c o d  
T u b e n o s e  p o a c h e r  
E n g l i s h  s o l e  .  
W h i t e  s e a  p e r c h  
S a d d l e  b a c k  g u n n e l  
S t a r r y  f l o u n d e r  
S a n d  s o l e  
P . i l e  p e r c h  
C u t t h r o a t  t r o u t  
C a b e z o n  
C o p p e r  r o c k f  i s h  
B l a c k  r o c k f  i s h  
P r i c k l e b r e a s t  p o a c h e r  
B a y  p i p e f  i s h  
c o y o t e  
B e a v e r  
W e s t e r n  r e d - b a c k e d  . v o l e  
T o w n s e n d ' s  c h i p m u n k  
B o b c a t  
N o r t h e r n  f l y i n g  s q u i r r e l  
S t r i p e d  s k u n k  
C r e e p i n g  v o l e  
T o w n s e n d ' s  v o l e  
E r m i n e  
M i n k  
C a l i f o r n i a  m y o t i s  
L i t t l e  b r o w n  m y o t i s  
Y u m a  m y o t i s  
B u s h y - t a i l e d  w o o d r a t  
B l a c k - t a i l e d  d e e r  
D e e r  m o u s e  
H a r b o r  s e a l  
R a c c o o n  
L  
M a m m a l s ,  c o n t i n u e d  
S o r e x  t r o w b r i d g i i  
S o r · e x  v a · g " r " a n s  
S y T v i T a · g · u s ·  h a · c k m a n i  
T a m : i · a · s · c · i v r · u s ·  d o · u · g 1 · a s · i i  
u r · o c y o n  ' c i · n e r · e o · a r · g · e · n t e · u s  
U r s u s ·  a m e r i · c a · n · u s  
Z a p u s  · t r i n · o t a t u s  
R e p t i l e s  
G e r r h o n o t u s  c o e r u l e u s  
T h a m n o p h i s  s · i r t a l i s  
T h a n m o p h i s .  o r d i r i o d e s  
A l g a e  
A l a r i a  m a r g i n a t a .  
C h a e t o m o r p h a  t o r t u o s a  
C l a o p h o r a  g r a c i l i s  
D e s m a r e s t i a  h e r b a c e a  
D e s m a r e s t i a  m u n d a  
P l a n t s  
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T r o w b r i d g e ' s  s h r e w  
V a g r a n t  s h r e w  
B r u s h  r a b b i t  
D o u g l a s '  s q u i r r e l  
G r a y  f o x  
B l a c k  b e a r  
P a c i f i c  j u m p i n g  m o u s e  
A l l i g a t o r  l i z a r d  
C o m m o n  g a r t e r  s n a k e  
N o r t h w e s t e r n  g a r t e r  s n a k e  
E n t e r o m o r p h a  i n t e s t i n a l i s  v a r .  i n t e s t i n a l i s  
E n t e r o m o r p h a  l i n z a  
F u c u s  d i s t i c u s  
G i g a r t i n a  e x a s p e r r a t a  
G i g a r t i n a  s p i n o s a  
L a m i n a r i a  s a c c a r i n a  
M o n o s t r o m a  z o s t e r i c o l a  
P o l y n e u r a  l a t i s s i m a  
P o l y s i p h o n i a  p a c i f i c a  v a r .  g r a c i l i s  
P o r p h y r a  p e r f o r a t a  v a r .  p e r f o r a t a  
? r i o n i t i s  l y a l l i i  
S a r g a s s u m  m u t i c u m .  
S m i t h o r a  n a i a d u m  
U l v a  e x p a n s a  
U l v a  l a c t u c a  
l l r O S p o r a  w o r m s k i o l d i i  
D i a t o m s  
A c h n a n t h e s  h a u k i a n a  
J \ . c h n a · n  t h e  s ·  · p · a r v u  1  a  
A m p h i p l e u r a ·  r - u t i l a n s  
C o c c o n · e i s ·  p · 1 a · c e n t u l a  
D i a t o m s ,  c o n t i n u e d  
C o c c o n e i s  s c u t e l l u m  
F r a · g ' i l a · r i a  f i i · n n · a t a  
F r · a · g · i T a r  i a ·  ·  · s t r · i · a  t u · 1  a  v a r  .  · c · a T i  f · o · r · n · i · c a  
M e l · o · s · i · r a  m o n · i 1 · i ' f b ' r n t i s  
M e l · o s · i · r a ·  · n · u m m u ' l ' o . i d e s  
· M e l · o · s ' i r a :  · s · u - i - c · a t a  
N a v i c · u · 1 a  c · o m p T a n · a t u l a  
N a v i c u 1 a ·  d i s e r t a  
N a v i c u l a  g r e g a r i a  
N a v i c u l a  p e l l i c u l o s a  
N i t z s · c h i a  c l o s t e r i u m  
N i t z s c h i a  f r u s t u l u s  v a r .  p e r p u s i T l a  
N i t z s c h i a  o r e g a n a  
S y n · e d r a ·  f a s i c · u 1 a t a  
V a s c u l a r  P l a n t s  
A b i e s  g r a n d i · s  
A b r o · n i a  l a t i f o l i a  
A g r o s t i s  a l b a  
A l n u s  r u b r a  .  
A m e l a n c h i e r  f l o r i d a  
A m m o p h i l a  a r e n a r i a  
A n g e l i c a  h~ndersonii 
A r c t o s t a p h y l o s  c o l u m b i a n a  
A r c t o s t a p h y l o s  u v a - u r s i  
A t h y r i u m  f i l i x - f e m i n a  
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